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A  MARINE  CRETACEOUS  NEPHELINE  B ASANITE  VOLCANO  AT 
AUSTIN,  TEXAS' 

by  DANIEL  S.  BARKER  and  KEITH  P.  YOUNG 

Department  of  Geological  Sciences, 

The  University  of  Texas  at  Austin, 

Austin  78712 

ABSTRACT 


Pilot  Knob  is  the  best  exposed  eruptive  center  in  the  northern  part  of  the  Late  Cretaceous 
Balcones  Magmatic  Province,  Texas.  Ash  and  lapilli  accumulated,  mostly  if  not  entirely 
under  water,  to  fill  a  shallow  explosion  crater  and  form  a  cone  and  a  lagoonal  apron  partly 
encircled  by  a  shell  beach.  Intrusive  and  lava  flow  rocks  formed  only  in  minor  amounts. 
Lahars  and  subaqueous  slumps  involved  unconsolidated  sediments  as  well  as  igneous  and 
pyroclastic  material.  The  vent  supplied  approximately  1  km^  of  ejecta  before  activity  ceased 
at  Pilot  Knob,  to  be  initiated  or  continued  at  neighboring  centers. 

Chemically,  the  igneous  rock  is  nepheline  basanite,  but  many  samples  lack  modal  plagio- 
clase.  Major  phases  are  phenocrystic  olivine  (Fo8o_89),  titanaugite  (Ca:Mg:Fe  averaging 
50:36:14)  containing  up  to  7.11  wt  %  Ti02  and  8.63  wt  %  AI2O3,  titanomagnetite  (USP45), 
plagioclase  (An6iAb3  70r2  to  An44Ab5  20r4),  nepheline  (Ne7oKp24Qz6),  and  residual 
phonolitic  glass.  Compositional  variation  between  2  analyzed  samples  can  be  accounted  for 
by  fractional  removal  of  3  wt  %  clinopyroxene  and  1  %  each  of  olivine  and  titanomagnetite. 
Olivine  phenocrysts  are  surrounded  by  reaction  rims  of  clinopyroxene.  Textural  relations, 
compositions,  and  proportions  of  phases  are  adequately  modeled  by  the  system  NaAlSi04- 
CaMgSi206-Si02.  Temperatures  estimated  by  the  plagioclase  thermometer  are  consistent 
with  those  estimated  by  projection  of  bulk  compositions  into  the  systems  NaAlSi04- 
CaMgSi206-Si02  and  CaMgSi206-CaAl2Si208-NaAlSi308. 

The  parent  magma,  probably  olivine  nephelinite,  was  generated  by  a  small  degree  of 
mantle  fusion  under  thick,  stable  continental  crust,  and  injected  along  a  trend  of  long-term 
structural  weakness  in  the  lithosphere.  One  small  harzburgitic  inclusion  has  been  found. 

INTRODUCTION 

Pilot  Knob,  first  described  as  a  marine  Cretaceous  volcano  by  Hill  (1890),  is 
1  of  many  igneous  bodies  in  the  northern  end  of  the  Balcones  Magmatic  Province 
(Fig.  1),  a  belt  extending  400  km  from  southwest  of  Uvalde  to  northeast  of  Austin, 
Texas  (Lonsdale,  1927;  Simmons,  1967;  Spencer,  1969). 


'Delivered  at  South-central  Section,  Geological  Society  of  America,  11th  Annual  Meeting, 
El  Paso,  Texas,  March  17,  1977. 

Accepted  for  Publication:  February  3,  1978. 
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Figure  1.  Distribution  of  exposed  and  buried  Upper  Cretaceous  igneous  centers  (black  i 
diamonds;  Simmons,  1967;  Barker,  1974).  The  short  arrow  points  to  Pilot  ; 
Knob  in  central  Texas.  The  northern  and  western  limits  of  the  Ouachita  Fold 
Belt  (after  Bay  ley  and  Muehlberger,  1968)  and  normal  faults  of  the  Balcones 
and  Mexia  Zones  (after  King  and  Beikman,  1974)  are  also  indicated.  i 

At  least  60  buried  igneous  centers  in  the  Balcones  Province  have  produced  | 
petroleum,  either  from  reservoirs  in  altered  pyroclastic  material  or  from  structural  ' 
and  stratigraphic  traps  in  sedimentary  rocks  flanking  and  directly  overlying  the  ' 
volcanoes.  Consequently,  some  of  the  buried  centers,  discovered  by  gravity  and 
magnetic  surveys,  have  been  more  intensively  studied  than  those  few  that  are 
exposed. 

The  hill  called  Pilot  Knob  rises  218  m  above  sea  level,  45  m  above  the  sur¬ 
rounding  terrain  of  nearly  horizontal  Cretaceous  sedimentary  rocks,  and  is  en¬ 
circled  by  a  shallow  moat,  4  km  in  diameter,  that  is  underlain  by  altered  pyro-  ' 
clastic  debris  (Figs.  2  and  3).  Tuff  and  lapilli  tuff,  almost  entirely  stratified,  form 
the  hill,  reinforced  by  intrusive  rock  and  partly  armored  by  flow  rock.  Most,  but  ; 
not  all,  of  the  igneous  rock  is  slightly  younger  than  the  pyroclastic  deposits, 
which  reach  a  maximum  thickness  of  250  m  and  thin  distally  as  they  interfinger 
with  sedimentary  rocks  (Fig.  3).  Pyroclastic  debris  fills  a  shallow  phreatic  explosion 
crater  that  was  later  surmounted  by  the  tuff  and  lapilli  cone.  Detailed  descriptions 
of  the  stratigraphy  and  paleontology  are  given  by  Young  (1975). 

Igneous  activity  at  Pilot  Knob  is  dated  stratigraphically  and  radiometrically. 
Baldwin  and  Adams  (1971)  reported  an  age  of  79.5  ±  3  m.y.  from  whole-rock 
K-Ar  analyses  of  the  igneous  rocks.  The  oldest  pyroclastic  layers  traceable 
to  this  volcanic  center  are  well  exposed  5  km  southwest  of  Pilot  Knob;  2  ash-fall 
deposits,  2  and  1  m  thick,  lie  respectively  within  and  at  the  top  of  ihePycnodonte 
aucella  biostrome  within  the  Lower  Campanian  Dessau  Formation  of  the  Austin 
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Figure  2.  Generalized  geologic  map  of  Pilot  Knob  (after  Garner  and  Young,  1976).  Black 
is  nepheline  basanite,  half-tone  is  pyroclastic  rocks.  Kt  =  Taylor  Group,  Km  = 
McKown  I'ormation.  Displacements  on  faults  (heavy  lines)  are  indicated  by  U 
and  D.  A-B  is  the  line  of  cross  section.  Fig.  3. 


(NO  VERTICAL  EXAGGERATION  ) 


1  KM 


Figure  3.  Generalized,  partly  schematic,  cross  section  of  Pilot  Knob  (water  well  drilling 
data  and  drill  cores  give  fair  subsurface  control).  Ked  =  Edwards  Formation, 
Kgt  =  Georgetown  Formation,  Ku  =  undifferentiated  Upper  Cretaceous  (Del 
Rio,  Buda,  and  Eagle  Ford  Formations  and  lower  part  of  the  Austin  Group), 
Kde  =  Dessau  Formation.  Other  symbols  are  identical  to  those  in  Fig.  2. 


8 


THK  TEXAS  JOURNAL  OF  SCIENCE 


Chalk  (Young,  1975).  Lava  and  pyroclastic  rocks  interfinger  with  and  are  over- 
lain  by  the  McKown  Formation  (Garner  and  Young,  1976),  an  algal,  rudistid-  and 
oyster-bearing  beach  deposit  that  surrounded  a  lagoon  and  is  thickest  on  the 
north  and  northeast  flanks  of  the  volcano.  Corals  grew  in  the  pyroclastic  lagoonal 
muds  now  underlying  the  moat,  inside  the  outcrop  belt  of  the  McKown  Form¬ 
ation.  Explosive  activity  must  have  been  spasmodic  to  allow  coral  growth. 

In  a  1 13-m  drill  core  taken  2.8  km  N30°W  from  the  summit  of  Pilot  Knob,  4 
ash-fall  deposits  were  encountered  in  the  interval  18.1-61.7  m  from  the  surface. 
In  stratigraphically  ascending  order,  thicknesses  of  these  units  are  1.9,  0.3, 0.6, 
and  16.6  m.  The  bottom  3rd  of  the  uppermost,  thickest,  ash  fall  is  rhythmically 
graded  in  5-10  cm  cycles. 

Mudflows  (lahars)  of  mixed  pyroclastic  material  and  limestone  occur  at  several 
levels  in  the  Dessau  Formation  above  the  lowest  ash  fall  and  below  the  beach 
deposits  of  the  McKown  Formation.  Slumping  in  lime  mud,  without  admixed 
pyroclastic  debris,  was  also  frequent  and  formed  nearly  symmetrical  anticlines, 
up  to  15  m  across,  with  steep  limbs. 

An  assumption,  reasonable  but  unprovable,  can  be  made  that  the  summit  of 
Pilot  Knob  coincides  roughly  in  location  with  the  apex  of  the  original  pyroclastic 
cone.  A  gravity  survey  (Romberg  and  Barnes,  1954)  indicates  that  sheets  of  ig¬ 
neous  rock  in  the  moat  dip  gently  away  from  Pilot  Knob,  suggesting  that  they 
represent  flows  extending  to  the  south,  east,  and  northeast  down  the  flanks  of 
the  original  cone.  However,  no  pillow  structure,  expected  of  subaqueous  flows, 
has  been  recognized. 

West -northwest  of  the  summit,  elongated  vesicles  dip  into  the  hill  toward  the 
southeast;  because  the  melt  did  not  flow  parallel  to  the  inferred  topographic  sur¬ 
face  when  the  vesicles  were  stretched ,  this  body  of  rock  is  interpreted  as  intrusive. 
However,  cobbles,  boulders,  and  even  10-m  blocks  displaying  columnar  jointing 
have  been  rotated  and  lowered  by  removal  of  underlying  weak  ash  and  lapilli. 

By  analogy  with  modern  volcanoes,  the  pyroclastic  cone  at  Pilot  Knob  had  to 
attain  a  minimum  size  before  magmatic  liquid  could  solidify  as  intrusive  and  flow 
rock,  rather  than  interacting  explosively  with  seawater  or  groundwater  to  form 
pyroclastic  debris.  The  total  volume  ofigneous  and  pyroclastic  rock  at  Pilot  Knob, 
including  the  ash-fall  apron,  was  probably  no  more  than  1  km^ . 

Pilot  Knob  represents  a  submarine  volcano  in  a  shallow  epicontinental  sea 
(water  depth  did  not  exceed  20  m,  judging  from  the  presence  of  Pycnodonte 
aucella).  The  pyroclastic  accumulation  grew  into  an  island  or  shoal  surrounded 
by  a  shell  beach  and  lagoon,  the  latter  filling  an  explosion  crater.  After  a  brief 
period  of  eruptive  activity,  the  volcano  was  covered  by  Upper  Cretaceous  marine 
clay  of  the  Taylor  Group,  to  be  exhumed  late  in  Cenozoic  time.  Nine  other,  ap¬ 
parently  similar,  centers  of  pyroclastic  and  intrusive  activity  (Fig.  4)  are  known 
within  20  km  of  Pilot  Knob  (Young,  1975).  Those  south  and  southeast  from 
Pilot  Knob  are  known  from  geophysical  surveys  and  drilling  for  petroleum;  the 
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others  were  exposed  but  are  now  buried  under  pavement  and  buildings.  Some 
are  slightly  younger  than  the  Pilot  Knob  volcano  Judging  from  the  stratigraphic 
units  represented  by  blocks  in  their  explosion  craters  and  units  intercalated  with 
their  ash  falls;  none  is  demonstrably  older  than  Pilot  Knob. 


5  KM 


I'igure  4.  Locations  of  igneous  centers  in  the  Austin  area.  Half-tone  pattern  indicates 
known  (minimuiTi)  extent  of  ash  falls  from  Pilot  Knob. 

IGNEOUS  ROCKS 

All  igneous  rocks  at  Pilot  Knob  are  dark  gray,  porphyritic,  with  aphanitic 
groundmass  and  sparse  vesicles  (normally  less  than  1  mm  in  diameter).  The  rocks 
form  a  textural  and  modal  continuum;  4  variants  can  be  distinguished  by  crystal¬ 
linity  and  mineralogy.  All  samples  contain  olivine  and  clinopyroxene  phenocrysts 
and  clinopyroxene  microphenocrysts  (“microphenocryst”  refers  to  a  crystal  that 
is  larger  than  the  groundmass  constituents  but  less  than  1  mm  long). 

The  1st  variant  contains  plagioclase  microphenocrysts  up  to  0.2  mm  long,  and 
a  trace  of  dark  brown  residual  glass  as  patches  in  the  groundmass.  The  2nd  con¬ 
tains  plagioclase  only  as  anhedral  poikilitic  patches,  up  to  0.7  mm  in  diameter, 
enclosing  clinopyroxene  and  titanomagnetite;  interstitial  nepheline,  analcime, 
and  zeolites  occur  in  the  groundmass  with  little  or  no  glass.  Glass  is  absent  from 
the  3rd  variant,  which  contains  interstitial  fine-grained  intergrowths  of  nepheline, 
analcime,  and  zeolites,  and  probably  occult  plagioclase.  The  4th  variant  contains 
abundant  glass  and  no  feldspathoids,  zeolites  or  plagioclase. 
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Modes  of  analyzed  samples  are  listed  in  Table  1,  chemical  analyses  and  CIPW 
norms  in  Table  2.  The  first  2  variants,  containing  easily  identifiable  plagioclase, 
are  classified  as  nepheline  basanite. 


TABLE  1 

Modes,  in  Volume  %,  of  Analyzed  Samples  in  Table  2 


Sample: 

44847 

44837 

44832 

44845 

44841 

Olivine 

16.4 

21.6 

12.0 

20.8 

19.6 

Clinopyroxene 

52.8 

55.2 

48.4 

52.8 

27.6 

Plagioclase 

16.1 

6.4 

17.6 

- 

- 

Titanomagnetite 

9.6 

8.0 

7.2 

8.8 

- 

Glass 

trace 

8.0 

13.6 

- 

8.4 

Nepheline  -r 
analcime  + 

zeolites 

5.0 

0.8 

1.2 

17.6 

0.8 

Unresolved 

groundmass 

- 

- 

- 

- 

43.6 

Discussing  the  transition  from  nepheline  basanite  to  olivine  nephelinite  (marked 
by  the  disappearance  of  plagioclase)  in  the  East  Otago  province.  New  Zealand, 
Coombs  and  Wilkinson  (1969)  commented. 

The  mode  must  be  a  constraint  on  classification  but  it  would  be  unfortun¬ 
ate  if  the  wealth  of  data  in  a  chemical  analysis  or  its  objective  recasting  accord¬ 
ing  to  the  CIPW  norm  calculation  or  similar  procedure  are  denied  a  major 
role.  This  is  especially  true  in  any  discussion  of  petrogenetic  relationships; 
classification  for  these  purposes  should  not  be  dependent  on  accidents  of 
crystallinity  or  petrographic  skill. 

This  statement  applies  at  Pilot  Knob.  Although  plagioclase  cannot  be  identified 
in  20  of  the  30  samples,  there  remains  a  strong  suspicion  that  it  is  hidden  in  the 
groundmass  of  all  but  the  most  glassy  rocks.  The  evidence  for  this  suspicion  will 
be  evaluated  after  the  individual  phases  and  the  rock  compositions  are  described. 

Olivine,  occurring  only  as  phenocrysts,  ranges  from  sharply  euhedral  through 
skeletal  (hopper  and  linked  parallel  growth  morphologies  of  Donaldson,  1976) 
to  anhedral  larger  grains  showing  kink  bands  and  tending  to  form  clumps.  Olivine 
is  approximately  25%  altered  to  green  “bowlingite”  in  most  samples.  No  zoning 
was  detected,  but  there  is  grain-to-grain  compositional  variation.  Electron  probe 
microanalysis  yielded  the  following  ranges  for  atomic  Mg/(Mg  +  Fe):  euhedral, 
0.84-0.88;  skeletal,  0.86-0.88;  anhedral  glomerocrystic,  0.80-0.89.  Although 
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TABLE  2 

Analyses  of  Pilot  Knob  Igneous  Rocks,  in  \vl  (G.  K.  Hoops,  analyst),  and  CIPW  Norms 


Sample 

44847"^ 

44837^ 

44832"'' 

44845^ 

44841"^ 

Si02 

43.50 

42.25 

42.80 

39.30 

41.80 

Ti02 

3.50 

3.57 

3.57 

4.08 

3.58 

AI2O3 

10.23 

10.48 

10.15 

9.04 

10.06 

I'e203 

3.70 

3.79 

2.71 

4.70 

5.48 

FeO 

8.82 

8.85 

9.90 

9.35 

7.65 

MnO 

0.17 

0.17 

0.17 

0.18 

0.18 

MgO 

13.25 

12.60 

13.10 

14.86 

13.29 

CaO 

11.97 

11.59 

12.27 

13.38 

12.77 

Na20 

2.05 

2.70 

2.16 

1.35 

2.10 

K2O 

0.89 

0.87 

0.36 

0.51 

0.60 

H20'^ 

1.39 

1.89 

2.26 

1.87 

2.07 

H2O" 

0.43 

0.51 

0.58 

0.57 

0.45 

P2O5 

0.61 

0.66 

0.62 

0.82 

0.68 

CO2 

0.06 

0.11 

0.11 

0.03 

0.02 

Total 

100.57 

100.04 

100.76 

100.04 

100.73 

Sample: 

44847 

44837 

44832 

44845 

44841 

or 

5.26 

5.14 

2.13 

3.01 

3.55 

ab 

10.68 

8.80 

11.05 

1.04 

8.26 

an 

16.08 

13.91 

16.94 

17.10 

16.25 

ne 

3.61 

7.61 

3.92 

5.62 

5.15 

di-wo 

16.31 

16.16 

16.41 

18.33 

17.82 

di-en 

11.97 

11.81 

11.42 

13.88 

14.12 

di-fs 

2.78 

2.84 

3.63 

2.58 

1.68 

ol-fo 

14.74 

13.72 

14.86 

16.21 

13.30 

ol-fa 

3.78 

3.63 

5.20 

3.32 

1.75 

mt 

5.36 

5.50 

3.93 

6.81 

7.95 

il 

6.65 

6.78 

6.78 

7.75 

6.80 

ap 

1.39 

1.50 

1.41 

1.86 

1.55 

cc 

0.14 

0.26 

0.26 

0.07 

0.05 

water 

1.82 

2.40 

2.84 

2.44 

2.5  2 

Total 

100.57 

100.05 

100.77 

100.04 

100.73 

Thornton- 
Tuttle  D.  I. 

19.55 

21.55 

17.09 

9.68 

16.95 

wt  7c  An  in  norm.  plag. 

60.09 

61.26 

60.52 

94.25 

66.31 

100MgO/(MgO  +  I'eO)^wt. 

60.04 

58.74 

56.96 

61.38 

63.47 

^Plagioclase  microphenocrysts,  trace  of  glass. 
^Interstitial  plagioclase,  8.0%  glass. 
^Interstitial  plagioclase,  13.6%  glass. 
^Plagioclase  not  identified,  no  glass. 

®No  plagioclase,  8.4%  glass. 
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the  data  (45  analyzed  grains)  are  not  sufficient  for  statistical  treatment,  skeletal 
olivine  tends  to  be  the  most  magnesian,  and  anhedral  glomerocrystic  olivine  in¬ 
cludes  the  least  magnesian.  Representative  olivine  analyses  are  given  in  Table  3. 
Cr2  03  is  less  than  0.01  wt  %,  and  NiO  varies  from  0.09-0.17  wt  %,  showing  no 
clear  correlation  with  habit. 


TABLE  3 


Representative  Analyses,  Olivine 


Sample: 

Habit: 

44832 

anhedral 

44843 

euhedral 

44843 

anhedral 

44841 

anhedral 

Si02 

39.3 

40.3 

40.3 

40.6 

Ti02 

0.07 

0.04 

0.02 

0.09 

AI2O3 

0.06 

0.07 

0.08 

0.05 

Fe  as  FeO 

18.2 

14.0 

15.9 

11.0 

MnO 

0.21 

0.16 

0.20 

0.13 

MgO 

41.2 

45.8 

44.3 

48.3 

CaO 

0.25 

- 

- 

- 

Na20 

- 

- 

- 

- 

K2O 

- 

- 

- 

- 

Total 

99.4 

100.4 

100.7 

100.2 

Cations  for  4 

Si 

oxygens: 

1.009 

1.002 

1.005 

0.999 

Ti 

0.001 

0.001 

0.000 

0.002 

A1 

0.002 

0.002 

0.002 

0.001 

Fe 

0.390 

0.291 

0.333 

0.226 

Mn 

0.005 

0.003 

0.004 

0.003 

Mg 

1.574 

1.696 

1.648 

1.769 

Ca 

0.007 

- 

- 

- 

Na 

- 

- 

- 

- 

K 

- 

- 

- 

- 

Mg/(Mg+Fe) 

0.80 

0.85 

0.83 

0.89 

Magnesium-iron  distribution  in  experimentally  equilibrated  olivine-liquid  pairs 
(Roeder  and  Emslie,  1970)  has  commonly  been  applied  to  natural  olivine-liquid 
pairs  using  the  equation  Xql  =  X|_ /(X^  +  Kj)(100-Xl))  (Irving  and  Green, 
1976),  where  Xql  =  100  Mg/(Mg  +  Fe^'*'),  atomic,  in  olivine,  X^  is  the  corre¬ 
sponding  ratio  in  the  liquid,  and  Kp)  is  the  distribution  coefficient  =  (Xpg/X]y[g)^^/ 
(Xpg/X]yjg)L.  Mysen  (1975)  has  provided  strong  evidence  that  Kp)  decreases 
with  increasing  oxygen  fugacity  and  temperature,  and  with  decreasing  pressure 
and  Mg/(Mg  +  ZFe)  of  the  system,  and  may  deviate  widely  from  the  value  of 
0.33  found  for  melts  at  1  atm  by  Roeder  and  Fmslie  (1970). 
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Assuming  that  all  Pilot  Knob  olivines  crystallized  in  equilibrium  with  liquids, 
and  assuming  values  for  Kjy,  estimates  of  Mg/(Mg  +  Fe^"^)  in  the  liquids  can  be 
derived  from  olivine  compositions.  Skeletal  and  euhedral  olivines  have  ratios  of 
Mg/(Mg  +  Fe^"^)  of  0.84-0.88,  indicating  liquids  with  ratios  of  0.64-0.70  if 
Kd  =  0  .33.  The  Mg/(Mg  +  Fe^"*")  ratio  for  a  rock  or  glass  is  sensitive  to  iron  ox¬ 
idation,  and  it  is  customary  to  recalculate  Fe2  03  and  FeO  reported  in  an  analysis 
to  an  “arbitrary,  reasonable”  value  of  Fe2  03/Fe0  (Irving  and  Green,  1976). 
Present-day  Fe2  03/Fe0  in  the  5  analyzed  samples  of  Table  2  ranges  from  0.27 
to  0.72.  Recalculating  to  Fe203/Fe0  =  0.25  yields Mg/(Mg  +  Fe^"*")  of  0.69-0.70. 
Then,  assuming  that,  in  the  magma  at  the  time  euhedral  and  skeletal  olivines 
crystallized,  all  iron  was  in  the  ferrous  state,  Mg/(Mg  +  Fe^"^)  becomes  0.65-0.67 
for  the  5  samples.  Thus,  if  olivine  crystallized  from  liquid  with  the  composition 
of  the  corresponding  whole -rock  analysis,  skeletal  and  euhedral  olivines  could 
have  formed  if  Fe2  03/Fe0  varied  from  0.25  (by  wt)  to  0.00,  assuming  Kj)  = 
0.33  at  1  atm. 

However,  less  magnesian  olivines  of  the  anhedral  glomerocrysts  (F080-84) 
could  not  have  crystallized  from  the  rocks  now  enclosing  them  unless  the  ratio 
of  Mg/Fe  in  the  liquid  were  lower  or,  more  likely,  unless  Kjy  were  larger  at  higher 
pressure. 

Olivine  phenocrysts  are  almost  entirely  rimmed  by  clinopyroxene.  This  reaction 
relationship,  predicted  for  silica-undersaturated  rocks  by  Schairer  and  Yoder 
(1960),  has  only  rarely  been  observed  (Coombs  and  Wilkinson,  1969). 

In  addition  to  rims  on  olivine,  clinopyroxene  forms  rare  phenocrysts  (up  to  3 
mm  long),  microphenocrysts,  and  groundmass  grains.  Phenocrysts  and  micro- 
phenocrysts  are  concentrically  zoned  and  twinned  titanaugite  showing  varying 
intensities  of  pleochroism  in  brown,  purple,  mauve,  and  pink.  Sector  zoning  is 
common  in  phenocrysts,  rare  in  smaller  grains.  Groundmass  clinopyroxenes  are 
nearly  colorless,  and  few  were  large  enough  for  probe  study.  Clinopyroxene  rim¬ 
ming  olivine  is  also  nearly  colorless,  and  too  fine-grained  foj  analysis. 

Table  4  lists  representative  analyses  of  clinopyroxenes.  The  most  significant 
compositional  variation  is  in  Ti  and  Al.  Gupta,  et  al,  (1973)  demonstrated  that 
solubility  of  Ti  and  Al  in  clinopyroxene  increases  when  silica  activity  in  melt 
decreases.  Pilot  Knob  titanaugites  are  typical  of  those  in  strongly  silica-under- 
saturated  rocks.  In  all  analyzed  clinopyroxenes  at  Pilot  Knob,  Cr2  03  does  not 
exceed  0.05  wt  %  and  NiO  is  less  than  0.01  wt  %. 

Plagioclase,  both  in  microphenocrysts  and  poikilitic  patches,  is  unzoned. 
Grain-to -grain  variation  ranges  from  An6iAb37  0r2  to  An47Ab5oOr3  in  micro¬ 
phenocrysts  and  An6oAb380r2  to  An44Ab5  2  0r4  in  poikilitic  patches. 

The  groundmass  contains  euhedral  titanomagnetite,  clinopyroxene,  apatite, 
and  variable  amounts  of  partly  devitrified  glass.  Patches  of  glass  are  incompletely 
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TABEE  4 

Representative  Analyses,  Clinopyroxene 


Sample: 

44832 

44843 

44843 

44845 

44845 

44841 

Habit: 

GM^ 

MP^ 

GM 

P^-core 

P-rim 

MP 

Si02 

49.6 

44.1 

46.8 

48.4 

43.8 

48.4 

Ti02 

3.68 

7.11 

5.23 

2.59 

4.18 

3.88 

AI2O3 

3.71 

8.63 

6.24 

4.44 

7.93 

4.85 

l  e  as  EeO 

7.81 

7.98 

6.83 

5.85 

7.37 

6.90 

MnO 

0.11 

0.08 

0.09 

0.08 

0.08 

0.09 

MgO 

12.3 

9.76 

11.8 

14.8 

12.4 

12.6 

CaO 

21.2 

22.5 

23.0 

23.3 

23.1 

22.5 

Na20 

0.40 

0.49 

0.37 

0.34 

0.42 

0.37 

K2O 

0.02 

0.02 

<  0.01 

0.01 

<  0.01 

0.01 

Total 

98.8 

100.7 

100.4 

99.9 

99.3 

99.6 

Cations  for  6 

oxygens: 

Si 

1.868 

1.653 

1.745 

1.806 

1.666 

1.812 

AllV 

0.132 

0.347 

0.255 

0.194 

0.334 

0.188 

Al^^ 

0.033 

0.035 

0.019 

0.001 

0.023 

0.026 

Ti 

0.104 

0.201 

0.147 

0.073 

0.120 

0.109 

le 

0.246 

0.250 

0.213 

0.182 

0.234 

0.216 

Mn 

0.004 

0.003 

0.003 

0.002 

0.003 

0.003 

Mg 

0.689 

0.545 

0.656 

0.821 

0.703 

0.702 

Ca 

0.855 

0.904 

0.919 

0.932 

0.940 

0.902 

Na 

0.029 

0.035 

0.027 

0.025 

0.031 

0.027 

^  Groundmass 

^Microphenocryst 

■^Phenocryst 


rimmed  by  euhedral  titanomagnetite,  coarser  than  that  farther  from  the  glass.  In 
a  few  samples,  the  groundmass  is  approximately  50%  glass,  which  surrounds 
skeletal  (“swallowtail”)  clinopyroxene  and  euhedral  titanomagnetite.  Patches  of 
nepheline,  analcime,  and  zeolites  are  interstitial  to  clinopyroxene  and  titano¬ 
magnetite  in  the  groundmass  and  fill  vesicles  to  form  ocelli  surrounded  by 
tangentially  arranged  clinopyroxene  prisms.  Fibrous  radiating  mesolite  is  the 
most  common  zeolite  filling  vesicles. 

Owing  to  the  small  grain  size  and  the  abundance  of  intergrown  zeolites 
(mostly  natrolite  and  thomsonite),  only  one  nepheline  analysis  is  considered  valid. 
In  sample  44843 ,  nepheline  is  Nev  q  Kp2  4  Qzg  (wt  %). 

All  of  the  analyzed  opaque  grains  are  titanomagnetite  with  approximately  45 
mol  %  ulvospinel  (Table  5).  All  grains  appear  to  be  homogeneous,  with  neither 
exsolution  lamellae  nor  oxidized  patches. 


NEPHELINE  BASANITE  VOLCANO 


15 


TABLE  5 


Representative  Analysis  of  Titanomagnetite 

Sample; 

44845 

Cations  normalized  to  3 

Si02 

0.72 

Si 

- 

Ti02 

21.7 

Ti 

0.596 

AI2O3 

1.43 

Fe^^ 

1.277 

FeO^ 

41.8 

Fe^"^ 

0.748 

Fe203 

27.2 

A1 

0.061 

MnO 

0.78 

Mn 

0.024 

MgO 

5.41 

Mg 

0.294 

Total 

98.9 

mole%  usp 

45.2 

^Ferrous  and  ferric  iron  recalculated  according  to  the  method  of  Finger  (1972). 


Microprobe  analyses  of  residual  glass  in  2  samples  are  listed  in  Table  6.  Each 
is  the  average  of  results  obtained  on  3  separate  patches  of  glass.  The  normative 
corundum  suggests  alkali  loss  (observed)  by  volatilization  under  the  electron  beam 
during  analysis,  and  probably  also  during  devitrification.  This  loss,  plus  water  in 

TABLE  6 

Microprobe  Analyses  and  CIPW  Norms  of  Residual  Glasses^ 

Sample 

44841 

44832 

Si02 

52.1 

52.7 

Ti02 

1.18 

1.11 

AI2O3 

20.9 

20.0 

r-'e  as  h'eO 

4.37 

4.22 

MnO 

0.10 

0.06 

MgO 

1.21 

0.66 

CaO 

1.72 

1.28 

Na20 

7.16 

6.60 

K2O 

2.95 

3.09 

Total 

91.7 

89.7 

c 

2.80 

3.47 

or 

17.43 

18.26 

ah 

45.64 

51.21 

an 

8.53 

6.35 

ne 

8.10 

2.51 

ol-fo 

2.11 

1.15 

ol-fa 

4.84 

4.66 

il 

2.24 

2.11 

Thornton-Tuttle 

differentiation  index 

71.16 

71.98 

wt  %  An  in  norm.  plag. 

15.75 

11.03 

100  MgO/(MgO  +  FeO),  wt 

21.68 

13.52 

^  Norms  are  calculated  with  all  Fe  as  FeO. 
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the  glass,  reasonably  accounts  for  the  low  totals.  The  glasses  represent  highly 
fractionated  liquid  approaching  phonolite  composition.  The  alkali-iron-magnesium 
diagram  of  Fig.  5  compares  Pilot  Knob  rocks  and  glasses  with  rock  compositions 
elsewhere  in  the  Balcones  Province  (Spencer,  1969).  The  span  of  projected  com¬ 
positions  of  nepheline  basanite  and  residual  glass  is  nearly  as  great  as  that  for  the 
entire  rock  suite  in  the  province. 


Ligure5.  AFM  diagram  [molecular  (Na20  +  K20),  (I'eO  +  0.9  l'e203),  MgOj  for  Bal¬ 
cones  igneous  rocks.  (O)-  data  from  Spencer  (1969);  (■)-  new  data,  for  which 
the  last  2  digits  of  the  sample  numbers  are  indicated.  Residual  glass  is  indicated 
by  “gl.” 

In  Fig.  6,  compositions  of  the  5  analyzed  rocks  and  2  residual  glasses  are  pro¬ 
jected  into  the  system  CaAl2Si2  08-NaAlSi3  08“CaMgSi2  06.  The  components 
of  this  system  make  up  no  more  than  59  wt  %  of  the  rocks,  and  no  more  than  58 
wt  %  of  the  glasses.  The  rock  compositions  still  project  close  to  the  diopside- 
plagioclase  cotectic  and  in  the  diopside  field.  The  3  analyzed  samples  that  contain 
visible  plagioclase  lie  closest  to  the  cotectic.  Projected  glass  compositions  show 
no  easily  interpretable  relationship  to  the  liquidus. 

Components  of  the  system  NaAlSi04-CaMgSi2 06-Si02  (Fig.  7)  make  up 
57-66  wt  %  of  the  rocks,  and  89-96  %  of  the  glasses,  before  projection.  Rock 
compositions  plot  in  the  clinopyroxene  field.  In  the  experimental  system,  as  in 
the  Pilot  Knob  rocks,  the  pyroxene  is  aluminous  (Schairer  and  Yoder,  1960).  In 
the  system  NaAlSi04-CaMgSi2 06-Si02  (of  which  the  NaAlSi04 -CaMgSi2 Oe 
join  is  not  binary),  the  olivine-clinopyroxene  cotectic  descends  to  a  reaction 
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di 


I'igure  6.  Pilot  Knob  rock  and  residual  glass  compositions  projected  into  the  system 
NaAlSi308-CaAl2Si20s-CaMgSi206  (wt  C)-  Liquidus  temperatures  at  1  atm 
are  indicated. 


di 


I'igure?.  Pilot  Knob  rock  and  residual  glass  compositions  projected  into  the  system 
NaAlSi04-CaMgSi206-Si02  (wt  %),  after  Schairerand  Yoder  (1960).  Liquidus 
temperatures  at  1  atm  are  indicated. 
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point  at  which  olivine  is  resorbed  with  growth  of  clinopyroxene.  This  reaction 
is  a  likely  cause  of  the  clinopyroxene  rims  on  phenocrystic  olivine.  Fractionated 
liquid  should  continue  to  migrate  toward  the  nepheline-albite  eutectic. 

The  plagioclase  thermometer  of  Kudo  and  Weill  (1970),  as  modified  by 
Mathez  (1973),  was  applied  to  the  3  analyzed  samples  for  which  plagioclase 
compositions  are  known.  Assuming  that  a  whole -rock  analysis  represents  the 
liquid  composition,  estimated  temperatures  for  samples  44832, 44847,  and  44837 
are  respectively  1208,  1198,  and  1228  C.  On  the  more  likely  assumption  that 
olivine  phenocrysts  were  already  present  and  out  of  equilibrium  with  the  liquid 
at  the  time  of  plagioclase  crystallization,  the  liquid  composition  was  recalculated 
after  subtracting  modal  olivine  from  each  whole-rock  analysis.  The  resulting 
temperature  estimates  using  revised  liquid  compositions  are  1249, 1251,  and  1272  C, 
respectively. 

It  is  only  coincidental  that  these  temperatures  are  comparable  to  liquidus 
temperatures  of  the  whole-rock  compositions  projected  into  the  iron-free  systems 
albite-anorthite-diopside  (Fig.  6)  and  nepheline-diopside-silica  (Fig. 7),  of  1250- 
1280  and  1250-1300  C,  respectively.  This  temperature  range  is  also  that  of  1-atm 
liquid!  of  many  nepheline  basanite  lavas  with,  like  the  Pilot  Knob  rocks,  MgO 
contents  of  12-14  wt%  (Thompson,  1973).  The  temperature  range  indicated  by 
the  plagioclase  thermometer,  after  correcting  the  liquid  composition  for  already 
crystallized  olivine,  is  therefore  a  reasonable  approximation. 

To  refine  modal  estimates,  a  fractionation  model,  based  on  mixing  calculations, 
was  applied  in  the  following  manner.  For  samples  44832  and  44841,  whole-rock 
major-element  analyses  and  probe  analyses  of  all  important  phases,  including 
glass,  were  available.  Assuming  that  glass  was  formed  from  the  initial  whole-rock 
composition  by  removal  of  crystalline  phases, 

100%  rock  =  x%  glass  +  y%  Y  +  z%  Z  +  ..., 

where  Y  and  Z  are  crystalline  phases.  A  computer-interactive  program  adapted 
by  D.F.  Parker  and  R.  Schneider  from  Wright  and  Doherty  (1970)  and  Bryan, 
Finger  and  Chayes  (1969)  starts  with  estimates  of  x,  y,  z, ...,  from  modal  analysis 
(converted  to  wt  %)  and  refines  these  by  iteration  to  yield  the  smallest  sum  of 
residuals  (differences  between  the  left  and  right  sides  of  the  equation  for  the 
components  Si02 ,  Ti02 ,  AI2  O3,  total  iron  as  FeO,  MnO,  MgO,  CaO,  Na2  0, K2  0 
and  P2  O5). 

For  sample  44832,  the  best  fit  proportions,  in  wt  %,  are  8  glass,  17  olivine, 
48  clinopyroxene,  16  plagioclase,  9  titanomagnetite,  and  2  nepheline,  agreeing 
remarkably  well  with  the  mode  (wt  %)  of  1 1  glass,  13  olivine,  49  clinopyroxene, 
15  plagioclase,  1 1  titanomagnetite,  and  1  nepheline. 

Results  are  less  gratifying  but  more  informative  for  sample  44841,  which  con¬ 
tains  no  visible  plagioclase  or  nepheline;  5  glass,  15  olivine,  46  clinopyroxene, 
20  plagioclase,  9  titanomagnetite  and  5  nepheline.  The  corresponding  mode  is 
7  glass,  22  olivine,  29  clinopyroxene,  0.1  titanomagnetite,  and  41  unresolvable 
finely  crystalline  groundmass. 
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The  absence  of  detectible  plagioclase  in  sample  44841  contradicts  its  required 
presence  in  the  mixing  calculation,  which  gave  no  reasonable  fit  until  the  presence 
of  plagioclase  was  assumed.  The  components  of  plagioclase,  at  least,  are  present 
in  nearly  the  same  amounts  in  samples  44832  and  44841 .  There  is  no  clear  inverse 
correlation  between  modal  amounts  of  glass  and  plagioclase.  Although  the  Pilot 
Knob  clinopyroxenes  contain  considerable  aluminum,  the  A1  contents  of  pyrox¬ 
enes  in  rocks  with  visible  plagioclase  are  not  significantly  different  from  those  in 
rocks  without  visible  plagioclase.  Either  the  missing  plagioclase  has  been  replaced 
by  zeolites,  or  it  is  present  as  small  grains  (undetected  in  a  probe  search)  in  the 
groundmass. 

Comparing  rocks  44841  and  44832,  assuming  a  parental  relationship  for  these 
2  samples,  the  similarity  of  whole-rock  compositions  is  emphasized  by  results 
of  the  mixing  calculations.  Rock  44841  yields  95%  44832  plus  1%  olivine,  3% 
clinopyroxene,  and  1%  titanomagnetite.  The  phases  that  must  be  fractionated 
were  indeed  the  1st  to  crystallize,  judging  from  textural  evidence. 

PYROCLASTIC  ROCKS 

Lapilli  and  ash  are  angular  to  subrounded  fragments  of  completely  altered  and 
devitrified  scoria  (averaging  30%  vesicles).  Outlines  of  vesicles  and  of  olivine, 
clinopyroxene,  and  plagioclase  are  recognizable.  Much  of  the  glass  and  nearly 
all  of  the  crystalline  phases  have  changed  to  nontronite  (ferric  montmorillonite; 
Weiss  and  Clabaugh,  1955),  plus  anatase. 

Two  types  of  pyroclastic  rocks  dominate.  Lapilli  tuff  contains  vesicular  glass 
fragments  from  2  mm  to  1  cm  in  diameter  (devitrified,  but  with  very  little  non¬ 
tronite;  phenocrysts  are  replaced  by  calcite)  in  a  matrix  of  sparry  calcite. 

Some  lapilli  are  multiple;  rounded  lapilli  are  enclosed  in  subrounded  to  angular 
fragments,  some  containing  three  varieties  of  scoria  differing  in  glass  color,  vesicle 
size,  shape  and  abundance,  and  phenocryst  content.  Schmincke  (1977)  interprets 
composite  lapilli  as  products  of  phreatomagmatic  explosions.  An  ascending 
magma  column  encounters  an  aquifer;  groundwater  enters  the  magma,  and  ex¬ 
pands  explosively.  Fragments  of  chilled  igneous  rock  and  liquid  droplets  are 
thrown  upward  into  a  fluidized  zone  above  the  magma  column  in  the  conduit, 
then  fall  back  into  the  magma.  Repeated,  usually  small,  explosions  may  recycle 
liquid  droplets  and  chilled  fragments,  causing  composite  lapilli. 

Tuff,  the  more  abundant  type  of  pyroclastic  rock,  contains  glass  and  crystal 
fragments  from  0.1-  1  mm  in  diameter,  and  angular  to  subrounded  scoria  frag¬ 
ments  from  1  mm  to  1  cm  in  diameter.  Vesicles  are  filled  with  nontronite  and 
calcite.  Nontronite  replaces  all  phenocrysts  and  much  glass.  Calcite  fills  pores 
and  constitutes  echinoderm  and  pelecypod  fragments. 

Three  chemical  analyses  of  altered  pyroclastic  rock  (Udden  and  Bybee,  1916) 
are  reproduced  in  Table  7.  These  analyses  can  be  compared  with  those  of  un¬ 
altered  igneous  rock  (Table  2).  When  the  densities  of  igneous  rock  and  altered 
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pyroclastic  material  (respectively  3.16  and  2.13  g/cm^)  are  taken  into  account, 
and  the  analyses  are  recalculated  on  a  constant-volume  basis  (Table  8),  losses  of 
MgO,  Si02 ,  Ti02 ,  Na2  0  and  FeO  are  considerably  less  than  gains  in  H2  O,  CO2  , 
CaO,  AI2  O3 ,  P2  O5 ,  Fe2  O3  and  total  Fe . 

TABLE  7 

Analyses  (Udden  and  Bybee,  1916)  of  Altered  Pyroclastie  Material, 

Onion  Creek,  2  km  North  of  Pilot  Knob  (Analyst  not  Stated) 


Sample 

1 

2 

3 

Si02 

31.50 

27.00 

20.74 

Ti02 

0.56 

0.75 

0.52 

AI2O3 

10.15 

11.47 

10.21 

I'C2  03 

9.58 

8.89 

14.04 

FeO 

4.14 

4.28 

2.86 

MnO 

- 

- 

- 

MgO 

14.24 

5.5  3 

3.11 

CaO 

6.76 

14.25 

20.48 

Na20 

0.29 

0.40 

0.30 

K2O 

0.10 

0.21 

0.41 

H20^ 

12.5  2 

10.86 

8.90 

H20" 

9.44 

11.30 

8.10 

P205 

0.51 

0.64 

trace 

C02 

- 

4.40 

10.00 

S03 

0.55 

0.48 

0.62 

Total 

100.34 

100.46 

100.29 

TABLE  8 

Comparison  of  Compositions  (Recalculated  to  100  X  mol/cm^) 
of  Igneous  Rock  and  Altered  Pyroclastic  Material 

Sample 

44832,  Table  2 

2,  Table  7 

Difference 

Si02 

0.225 

0.211 

-0.014 

Ti02 

0.014 

0.004 

-0.010 

AI2O3 

0.031 

0.053 

+0.022 

Fe203 

0.005 

0.026 

+0.021 

FeO 

0.044 

0.028 

-0.016 

MgO 

0.103 

0.064 

-0.039 

CaO 

0.069 

0.119 

+0.050 

Na20 

0.011 

0.003 

-0.008 

K2O 

0.001 

0.001 

0.000 

P2O5 

0.001 

0.002 

+0.001 

CO2 

0.001 

0.047 

+0.046 

H20‘^ 

0.040 

0.283 

+0.243 

H2O- 

0.010 

0.295 

+0.285 
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For  reaction  of  submarine  basaltic  pillow  lavas  with  seawater,  Scott  and  Hajash 
(1976)  summarized  experimental  work  and  observation  of  natural  materials. 
Loss  of  Si02  occurs  at  low  and  high  temperatures,  but  MgO  is  gained  at  high 
temperatures  and  lost  at  low.  If  these  results  for  basalts  are  applicable  to  nephe- 
line  basanite,  the  Pilot  Knob  material  appears  to  have  undergone  low-temperature 
alteration,  after  the  scoria  was  already  quenched. 

PETROGENESIS 


Spencer  (1969)  investigated  the  entire  compositional  range  of  igneous  rocks 
in  the  southern  part  of  the  Balcones  magmatic  province.  He  concluded  that  par¬ 
ental  olivine  nephelinites  fractionated  to  form  olivine-melilite  nephelinite  or, 
alternatively  by  the  appearance  of  modal  plagioclase,  to  form  nepheline  basanite. 
Nepheline  basanite  in  turn  produced  a  small  amount  of  analcime  phonolite  as 
the  ultimate  differentiate.  Olivine  basalts  in  the  Balcones  Province  “are  the  result 
of  slight  differentiation  and  solidification  of  a  separate  primary  magma”  (Spencer, 
1969).  At  Pilot  Knob,  only  nepheline  basanite  has  been  found.  Igneous  rocks  in 
the  other  eruptive  centers  in  the  Austin  area  are  too  altered  to  permit  classification. 

The  writers  and  many  students  and  colleagues  searched  for  ultramafic  inclusions 
at  Pilot  Knob.  One  sample  of  igneous  rock,  collected  on  the  northwest  flank  of 
the  central  hill  by  Donnie  F.  Parker,  Jr.,  did  provide  a  1-cm  fragment,  an  inequi- 
granular  mosaic  of  kink-banded  olivine  (F082-83)  and  orthopyroxene  (Engs). 
Grain  diameters  vary  from  0.5-3  mm.  The  mosaic  was  disrupted  by  nepheline 
basanite  liquid  invading  along  grain  boundaries.  The  mode,  estimated  from  a 
small  number  of  sectioned  grains,  is  approximately  90%  olivine  and  10%  ortho¬ 
pyroxene.  No  other  phase  is  present.  Olivine  and  orthopyroxene  compositions 
are  listed  in  Table  9.  The  assemblage  in  this  small  fragment  may  be  termed  harz- 
burgite  or  harzburgitic  dunite,  and  is  definitely  not  a  near-surface  cumulate  from 
nepheline  basanite  magma,  but  more  likely  is  residual  (depleted)  upper-mantle 
material.  Spinel  Iherzolite  has  been  found  in  olivine-melilite  nephelinite  in  the 
southern  part  of  the  Balcones  Province  (Spencer,  1969). 

TABLE  9 


Representative  Microprobe  Analyses,  Olivine  and  Orthopyroxene  of  a  Harzburgite  Inclusion 


Olivine 

Orthopyroxene 

Cations  for: 

4  oxygens 

6  oxygens 

Si02 

39.2 

56.0 

Si 

0.984 

1.955 

Ti02 

<0.01 

0.13 

Ti 

- 

0.003 

AI2O3 

<0.01 

1.03 

A1 

- 

0.042 

Fe  as  FeO 

16.5 

9.99 

Fe 

0.347 

0.292 

MnO 

0.22 

0.19 

Mn 

0.005 

0.006 

MgO 

45.0 

32.7 

Mg 

1.682 

1.701 

CaO 

_ 

0.47 

Ca 

0.018 

Na20 

- 

0.11 

Na 

- 

0.007 

K2O 

- 

<0.01 

K 

- 

- 

Total 

100.9 

100.5 

Mg/(Mg+Fe) 

0.829 

0.854 
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The  Balcones  Magmatic  Province  follows  the  trend  of  the  buried  Ouachita 
Orogenic  Belt  and  of  the  Balcones  Fault  Zone  (Fig.  1).  Volcanisni  occurred  ap¬ 
proximately  150  m.y.  after  the  deformation  and  metamorphism  of  the  Ouachita 
Belt  (Flawn,  et  al,  1961),  and  approximately  60  m.y.  before  major  displace¬ 
ment  (southeast  side  down)  on  the  nearly  vertical  faults  of  the  Balcones  trend. 
Magmatism  therefore  seems  unrelated  to  either  event,  but  may,  like  the  subsequent 
faulting,  have  been  localized  by  crustal  discontinuities  remnant  from  Ouachita 
events.  The  top  of  the  Precambrian  basement  in  the  Austin  area  lies  6  or  7  km 
below  the  surface  (Fish,  1970)  and  is  overlain  by  the  folded  and  thrust  Ouachita 
section  and  by  0.8  km  of  nearly  horizontal  Cretaceous  rocks.  No  evidence  has 
been  found  for  crustal  contamination  of  Pilot  Knob  nepheline  basanite. 

A  minimum  depth  of  85  ±  15  km  for  generation  of  nepheline  basanite  liquid 
was  calculated,  using  the  following  assumptions:  the  density  of  primary  nephe¬ 
line  basanite  liquid,  calculated  from  chemical  analyses  by  the  method  of  Bottinga 
and  Weill  (1970),  was  2.97  ±  0.03  g/cm^ ;  the  density  distribution  in  the  crust 
and  upper  mantle  is  that  given  for  the  Austin  region  by  Fish  (1970)  and  Keller 
and  Shurbet  (1975);  a  magma  column  with  a  “hydrostatic  head”  of  0.5  ±  0.5  km 
was  in  isostatic  balance  with  wall  rock. 

Nepheline  basanite  is  a  widespread  rock  type  on  continents  and  in  oceans  (Car¬ 
michael,  et  al,  1974;  Irving  and  Green,  1976).  The  unaltered  igneous  rocks  of 
Pilot  Knob  are  geographically  remote  from  others  in  the  Balcones  Province,  and 
by  themselves  contribute  little  to  the  larger  questions  of  magmatic-tectonic  re¬ 
lationships  or  to  a  suspected  continuity  to  the  northeast  of  the  province  with  the 
contemporaneous  kimberlite-carbonatite-nephelinite  suite  in  Arkansas  (Zartman, 
et  al,  1967 ;  Fig.  1  of  this  paper). 

Pilot  Knob ,  as  a  small,  short-lived  submarine  volcano ,  is  probably  closer  morph¬ 
ologically  and  volumetrically  to  the  “average”  terrestrial  volcano  than  are  larger, 
petrologically  more  diversified,  accumulations. 
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ABSTRACT 

A  thinly  bedded  facies  of  the  Pecan  Gap  Formation  is  exposed  near  Farmersville  in  Collin 
County,  Texas.  The  rock  body  is  distinctive  because  of  an  abundance  of  glauconite  and  well- 
developed  sedimentary  features.  The  facies  consists  of  33  sand-clay  pairs  which  record  alter¬ 
nating  high-  and  low-energy  conditions.  The  arenites  are  graded;  a  basal  gravel  lag  of  shells, 
phosphorite  pebbles,  and  clay  clasts  is  overlain  by  fine-grained,  poorly  sorted  sand.  Fine 
(1-2  mm)  horizontal  laminations  are  the  dominant  internal  sedimentary  structure.  Cumu¬ 
lative-frequency  grain  size  curves  suggest  that  the  laminated  arenites  are  suspension  deposits. 
Tangential  cross-laminae  with  superimposed  climbing  ripples  are  developed  locally.  Evidence 
of  bioturbation  is  spectacular  in  the  arenites;  trace  fossils  of  the  Pecan  Gap  Formation 
belong  to  the  Cruziana  assemblage. 

Alternations  of  high-  and  low-energy  lithotypes  are  interpreted  as  resulting  from  the 
interplay  of  storm  and  fair-weather  conditions.  Mollusk  and  trace  fossil  assemblages  and 
textural  data  suggest  that  deposition  occurred  in  a  shallow  marine  (inner  shelf)  environment 
below  normal  wave  base.  Bimodal  cross-stratification  and  channels  in  the  upper  part  of  the 
rock  body  record  the  effects  of  tidal  currents  and  suggest  a  shoaling  upward  sequence.  The 
environment  of  deposition  is  envisioned  as  a  muddy  shelf  where  hurricane-like  activity  period¬ 
ically  disrupted  the  normal  physical  and  biologic  conditions. 

INTRODUCTION 

For  many  years,  coastal  storms  were  considered  solely  as  erosive  agents. 
Recently,  geologists  have  recognized  that  storm  deposits  compose  a  significant 
part  of  the  ancient  sedimentary  record  (Reineck  and  Singh,  1975,  Kumar  and 
Sanders,  1976).  Hence,  greater  emphasis  is  now  placed  on  the  constructive  capa¬ 
bility  of  severe  storms.  Early  studies  of  Holocene  storm  deposits  treated  only 
carbonate  sediments  (Ball,  et  al,  1963;  High,  1969).  Thereafter,  Hayes  (1967), 
Gadow  and  Reineck  (1969),  and  Reineck  and  Singh  (1972)  documented  storm 
deposits  in  siliciclastic  sediments. 

This  paper  discusses  a  distinctive  sequence  of  Upper  Cretaceous  arenites  ex¬ 
posed  in  several  abandoned  quarries  northwest  of  Farmersville,  Texas  (Fig.  la). 
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which  the  author  (Dawson,  1976)  believes  were  deposited  under  hurricane-like 
conditions.  Sedimentary  attributes  of  the  arenites  are  described  and  compared 
with  published  examples  of  Holocene  and  ancient  storm  deposits. 


Figure  1.  (a)  Location  map  of  the  study  area  northwest  of  Farmersville,  Texas,  (b)  Strati¬ 
graphic  columns  illustrating  the  regional  stratigraphy  of  the  Taylor  Group  and 
the  stratigraphy  in  the  study  area. 


STORM-DEPOSITED  ARENITES 


27 


GENERAE  STRATIGRAPHY 

In  the  study  area,  a  bioturbated-glauconitic  facies  of  the  Taylor  Group  (Fig.  Ib)- 
disconformably  overlies  the  Ozan  Formation  (Brown,  1949;  Dawson,  1976).  On 
the  basis  of  micro-fauna  content,  Maluf  (1975)  and  McNulty  (1977)  correlate 
the  glauconitic  facies  with  the  Pecan  Gap  Formation.  Brezina  (1974)  applies  the 
name  “Farmersville  Member”  to  the  glauconitic  unit,  but  the  new  name  has  not 
been  formally  proposed.  The  term  “glauconitic  member”  is  used  informally  through¬ 
out  this  paper.  As  mapped  by  Brezina  (1974),  the  glauconitic  member  has  an 
areal  extent  of  1.6  km^ .  The  rock  body  has  a  maximum  exposed  thickness  of 
9  m  and  is  apparently  lenticular  in  cross-section  (Maluf,  1975;  Dawson,  1976). 
The  original  size  and  shape  of  the  glauconitic  member  are  unknown  because  it  is 
an  erosional  outlier. 

DESCRIPTION 

Sedimentary  structures  within  the  glauconitic  member  are  differentiated  herein 
by  mode  of  origin:  physical  or  biogenic.  The  definitions  of  Pettijohn  and  Potter 
(1964)  and  Jopling  (1965)  are  used  to  classify  the  physical  structures.  The  temii- 
nology  of  Ingram  (1954)  is  used  to  describe  bed  thickness.  Biogenic  structures 
are  described  using  the  stratinomic  terminology  of  Chamberlain  (1971). 

Arenite  textures  were  studied  using  standard  sieving  and  thinsection  tech¬ 
niques.  Sieve  data  were  analyzed  statistically  using  a  computer  program  to  calculate 
method  of  moment  parameters.  Also,  sieve  data  were  plotted  on  log-probability 
graphs  and  compared  with  results  from  similar  work  published  by  Visher  (1969). 

Sedimentary  Structures 

The  glauconitic  member  consists  of  a  thinly  bedded  (5-10  cm)  alternating 
sequence  of  arenites  and  marls  (Fig.  2).  Bedding  planes  are  distinct.  The  beds  are 
subequal  in  thickness,  laterally  uniform  in  thickness,  and  laterally  continuous.  A 
few  thick  beds  (50  cm)  occur  in  the  middle  and  upper  parts  of  the  rock  body. 
Well-defined  bedding  is  unique  to  the  glauconitic  member;  rock  units  of  the 
Taylor  Group  are  generally  massive. 

Thin  (1-2  mm)  horizontal  laminations  (Fig.  3)  are  the  dominant  internal  struc¬ 
ture  of  the  arenites.  The  laminations  are  approximately  equal  in  grain  size  but 
differ  in  mineral  composition.  Quartzose  laminae  alternate  with  those  composed 
of  glauconite  and  biogenic  calcite,  each  layer  only  a  few  grains  thick.  Laminae 
are  laterally  continuous  for  several  meters.  Two  types  of  cross-stratification,  dif¬ 
ferentiated  by  geometry  and  paleocurrent  direction,  are  present:  tangential  and 
planar.  Tangential  cross-laminations  (Fig.  4)  occur  as  solitary  sets  with  thicknesses 
of  10-13  cm.  Bounding  surfaces  are  irregular  but  subparallel.  Foreset  laminae  are 
1-4  mm  in  thickness  and  inclined  15-18°.  Paleocurrent  measurements  indicate  a 
unimodal  direction.  Climbing  ripples  (Fig.  5)  are  superimposed  on  the  tangential 
cross-laminae.  Planar  cross-stratification  (Fig.  6)  is  confined  to  arenites  in  the 
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upper  meter  of  the  rock  body.  The  solitary  and  grouped  sets  are  3-15  cm  in  thick¬ 
ness.  Laminae  are  1-3  mm  thick  and  depositional  surfaces  are  inclined  24°.  Bound¬ 
ing  surfaces  of  the  sets  are  convergent.  Paleocurrent  directions  are  bimodal 
indicating  northwest-southeast  currents.  Small  channels  are  associated  with  the 
planar  cross-laminations. 


Figure  2.  Quarry  exposure  displaying  the  thin-bedded  character  of  the  glauconitic  mem¬ 
ber.  Arenite  layers  weather  into  distinct  ledges.  Bar  scale  is  1  m. 


Figure  3.  Finely  laminated  internal  structure  of  a  nonbioturbated  arenite.  Scale  in  cm. 

Bioturbation  is  spectacular  in  the  glauconitic  member.  Trace  fossils  from  the 
Pecan  Gap  Formation  are  described  by  Dawson,  et  al,  (1977);  details  of  the 
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Cruziana  assemblage  are  not  repeated  herein.  Biogenic  structures  in  the  glauconitic 
member  consist  mostly  of  horizontal,  endogenic,  full-relief  burrows  which  are 
interwoven  to  form  complex  systems.  The  degree  of  bioturbation  is  variable. 
Some  beds  are  thoroughly  churned  and  hence  internally  structureless;  in  others, 


Eigure4.  Polished  slab  of  a  storm-deposited  arenite  displaying  tangential  cross-laminae 
(T)  and  superimposed  climbing  ripples  (r).  The  overlying  arenite  (R)  is  rippled 
and  burrowed:  the  underlying  arenite  (S)  is  intensely  bioturbated  (structure¬ 
less).  Note  irregular  contacts. 

evidence  of  biogenic  reworking  is  absent.  Commonly,  arenite  layers  are  only  partly 
bioturbated  and  primary  sedimentary  features  and  burrows  co-exist.  Figures  3,6 
and  7  illustrate  the  variability  of  bioturbation. 

Texture 

Arenites  in  the  glauconitic  member  are  composed  of  poorly  sorted,  angular, 
fine-grained  (2.80),  quartz  and  calcite  sand.  Clay  and  mica  (volcanic  biotite)  are 
abundant.  Standard  deviation  values  range  from  1 .47-1 .67.  The  grain  size  distri¬ 
bution  is  positively  skewed.  Figure  8  presents  cumulative-frequency  grain  size 
graphs  from  laminated  arenites  of  the  glauconitic  member.  These  graphs  consist 
of  a  single  line  representing  a  large  ‘A’  population.  Such  graphs  are  atypical;  sedi¬ 
ment  size  distributions  generally  plot  as  zig-zag  patterns  composed  of  several 
straight  line  segments  (Tanner,  1958).  Another  significant  textural  feature  of  the 
Pecan  Gap  arenites  is  an  isotropic  fabric  (Fig.  9).  Elongate  grains  in  horizontally 
laminated  arenites  generally  display  a  preferred  orientation  (Pettijohn,  1975). 
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Gravel-sized  sediment  composes  2%  of  the  sampled  rock  body.  The  gravel  consists 
of  bivalve  shells,  phosphate  pebbles,  and  clay  clasts  which  are  concentrated  in 
the  lower  cm  of  arenite  layers.  The  basal  gravel  is  overlain  by  fine-grained  sand 
forming  graded  beds. 


C2 


Figure  5.  Line  drawing  of  Fig  4,  Arenite  bed  that  records  3  storm  events  (S,  T,  R).  S  - 
intensely  bioturbated  (structureless)  arenite.  Cj  -  erosional  contact.  T  -  tan¬ 
gential  cross-laminated  arenite  with  climbing  ripples  (r).  C2  -  erosional  contact 
marked  by  phosphatic  pebbles  and  shells.  R  -  rippled  and  burrowed  (b)  storm 
layer. 


DISCUSSION  AND  INTERPRETATION 

Sediments  composing  the  Taylor  Group  accumulated  in  a  marine  environ¬ 
ment  (Adkins,  1932;  Beall,  1964).  The  texture  and  sedimentary  structures  of  the 
glauconitic  member  are  most  similar  to  features  that  occur  in  Holocene  and 
ancient  inner  shelf  storm  deposits  described  by  Hayes  (1967),  Hobday  and  Reading 
(1972),  Reineck  and  Singh  (1972;  1975),  Goldring  and  Bridges  (1973),  Cotter 
(1975),  Kumar  and  Sanders  (1976),  Johnson  (1977),  and  Morton  (1978). 

Arenites  in  the  glauconitic  member  are  texturally  immature.  The  predominance 
of  angular  grains,  abundance  of  mica,  and  poor  sorting  are  indicative  of  sediments 
deposited  below  normal  wave  base.  Friedman  (1967)  discusses  the  importance  of 
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Figure  6.  Planar  cross-laminated  and  bioturbated  arenite  layer  (P),  overlain  by  horizon¬ 
tally  laminated  arenite  (L)  and  underlain  by  lignitic  marl  (M).  Scale  in  cm. 


Figure?.  Polished  slab  of  an  intensely  burrowed  storm  layer.  Horizontal  and  vertical 
burrows  have  destroyed  most  of  the  primary  sedimentary  features. 


fine-grained  fractions  as  an  energy  index  for  depositional  environments.  Near¬ 
shore  lagoons  and  troughs  on  the  shelf  are  cited  by  Friedman  (1967)  as  environ¬ 
ments  restricted  from  normal  marine  currents  where  positively -skewed  sand  ac¬ 
cumulates.  Stratigraphic  relations  established  by  Brown  (1949),  Maluf  (1975), 
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and  Dawson  (1976)  suggest  that  the  glauconitic  member  was  deposited  in  a  trough. 
Cumulative -frequency  curves  of  grain  size  from  laminated  Pecan  Gap  arenites 
(Fig.  8)  are  similar  to  those  illustrated  by  Visher  (1969)  for  sediment  deposited 
by  fallout  from  suspension.  Kumar  and  Sanders  (1976)  present  similar  grain  size 
data  for  Holocene  storm  sands.  According  to  Stubblefield,  et  al,  (1975),  fine- 
and  medium-grained  sand  is  carried  in  suspension  during  storms  along  the  Atlantic 


Figure  8.  Cumulative  -  frequency  grain  size  curves  from  laminated  arenites  in  the  glau¬ 
conitic  member. 

coast.  Hence,  storm  turbulence  could  readily  transport  sediment  with  a  grain 
size  of  2.80  (the  mean  size  of  Pecan  Gap  arenites)  in  suspension.  Concentrations 
of  gravel-sized  shell  fragments  and  phosphatic  pebbles  in  the  glauconitic  member 
are  analogous  to  storm-created  lag  conglomerates  discussed  by  Kumar  and 
Sanders  (1976). 

Distinct  thin  bedding  within  the  glauconitic  member  results  from  textural  dif¬ 
ferences;  alternations  of  sand  and  silty  clay.  These  variations  in  mean  grain  size 
record  energy  changes.  The  arenites  have  sharp  (erosional)  bases  and  many  contain 
clay  rip-up  clasts  indicating  that  sand  deposition  occurred  during  highly  turbu¬ 
lent  (storm)  conditions.  Between  episodes  of  sand  influx  (fair-weather  conditions), 
normal  suspension  silts  and  clays  settled  to  form  the  intervening  layers.  At  least 
33  sand -clay  pairs  are  identifiable  in  the  glauconitic  member. 
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Figure  9.  Enlarged  tracing  of  a  thin  section  (cut  parallel  to  bedding)  from  a  laminated 
unburrowed  arenite.  Axes  of  elongate  grains  lack  preferred  orientation. 

Many  explanations  for  the  origin  of  horizontal  laminae  have  been  proposed; 
McBride,  et  al.,  (1975)  review  several  alternative  mechanisms.  Popular  theories 
include:  fluctuations  in  current  velocity,  migration  of  low-relief  bed  fonns,  plane 
bed  transport  at  upper  flow  regime  conditions,  pulsations  in  sediment  influx,  and 
settling  from  suspension.  Mechanisms  that  require  current  activity  align  elongate 
grains  (Potter  and  Mast,  1963).  As  discussed  previously,  prolate  grains  in  Pecan 
Gap  arenites  have  an  isotropic  fabric.  The  lack  of  grain  orientation  is  not  an  effect 
of  bioturbation;  a  random  fabric  also  characterizes  unburrowed  arenites.  An  iso¬ 
tropic  fabric  results  if  particles  settle  from  suspension  and  are  subsequently  ex¬ 
posed  to  a  minimum  of  current  activity.  The  fabric  and  grain  size  data  suggest 
that  laminations  in  arenites  of  the  glauconitic  member  were  produced  by  settling 
from  suspension  as  discussed  by  Reineck  and  Singh  (1972). 

Cross-stratification  is  formed  by  lateral  migrating  sand  waves.  The  shape  of 
the  foresets  is  controlled  in  part  by  velocity  (Jopling,  1965),  and  paleocurrent 
patterns  are  related  to  the  depositional  environment  (Klein,  1967).  Presently  how¬ 
ever,  there  are  no  reliable  criteria  that  relate  the  geometry  of  cross-stratification 
to  either  the  mechanism  of  the  environment  of  deposition  (Pettijohn,er  a/.,  1973). 
Tangential  cross-laminae  form  at  high  velocities  with  an  abundance  of  sediment 
in  suspension  (Jopling,  1965).  Reverse  eddies  associated  with  intense  turbulence 
scour  foresets,  and  the  suspension  load  caught  in  the  back-flow  is  deposited  as 
climbing  ripples  between  the  inclined  laminae.  These  features  are  associated  only 
with  the  thickest  arenite  layers.  The  combination  of  structures  indicative  of  highly 
turbulent  conditions  and  larger  quantities  of  sand  suggests  formation  during  the 
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most  intense  and  perhaps  more  prolonged  storms.  A  similar  combination  of  fore- 
set  and  backset  laminae  is  described  by  Morton  (1978).  Planar  cross-laminations 
in  the  glauconitic  member  have  a  bimodal  paleocurrent  distribution,  modal  classes 
are  180°  apart,  suggestive  of  tidal  currents  (Klein,  1967).  The  associated  channels 
probably  resulted  from  tidal  scouring.  Bimodal  cross-stratification  is  developed 
only  in  the  upper  meter  of  the  rock  body  suggesting  that  the  sediment  interface 
built  upward  into  the  zone  of  tidal  reworking  during  the  later  stages  of  deposition. 
Thereafter,  storm  sands  were  reworked  by  tidal  currents  during  interstorm  periods. 

Burrowing  organisms  respond  to  sedimentation  processes  in  their  environment. 
Hence,  trace  fossils  are  valuable  indicators  of  sedimentation  rates  and  current 
activity  (Seilacher,  1967).  In  addition,  some  endobenthic  organisms  have  strict 
depth  requirements  and  migrate  vertically  in  response  to  rapid  erosion  or  depo¬ 
sition  (Goldring,  1964).  These  concepts  are  applicable  to  biogenic  structures  in 
the  glauconitic  member.  During  fair-weather,  burrowing  organisms  rework  the 
storm-deposited  arenites.  The  extent  of  biogenic  reworking  is  dependent  on  the 
duration  of  fair-weather  and  bed  thickness.  Thinner  beds  and  longer  interstorm 
periods  allow  more  thorough  churning  of  the  sediment.  Storm  activity  periodi¬ 
cally  interrupts  the  bioturbation  process.  Following  a  storm,  the  surviving  organ¬ 
isms  migrate  upwards  to  colonize  the  new  sediment  horizon  leaving  previously 
deposited  storm  layers  only  partly  reworked.  The  high  density  of  horizontal  bur¬ 
rows  in  the  glauconitic  member  suggests  an  intensive  feeding  behavior  in  an  area 
dominated  by  slow  sedimentation  and  generally  low  turbulence.  The  textural 
immaturity  of  the  arenites  and  the  abundance  of  glauconite  also  support  a  low 
energy  depositional  environment.  Bioturbated  arenites  of  the  glauconitic  member 
are  similar  to  the  “parallel-to -burrowed  sequences”  discussed  by  Howard  (1972). 

Holocene  storm  sands  are  most  common  at  depths  of  20-30  m  (Reineck  and 
Singh,  1972;  Kumar  and  Sanders,  1976).  The  mollusk  assemblage  and  trace  fossils 
in  the  glauconitic  member  and  adjacent  rock  units  suggest  deposition  occurred 
on  the  inner  shelf  (Richardson,  1972;  Dawson,  1976).  However,  Maluf  (1975) 
uses  planktonic  foraminifer  ratios  to  conclude  that  the  same  rocks  were  deposited 
on  the  outer  shelf  or  upper  slope.  These  contrasting  faunal  data  can  be  explained 
if  storm  processes  are  considered.  Several  types  of  water  motion  occur  during  a 
storm;  this  mixing  of  water  masses  disrupts  the  normal  distribution  of  organisms 
(Ball,  et  al.,  1963;  Hayes,  1967).  As  storm  turbulence  subsides,  sediment  in  sus¬ 
pension  including  fauna,  settles  into  whatever  benthic  environment  is  beneath 
the  suspension  cloud.  Bivalves  collected  by  Richardson  (1972)  and  Dawson  (1976) 
lack  signs  of  abrasion  and  are  considered  to  be  an  insitu  assemblage.  Planktonic 
foraminifers  discussed  by  Maluf  (1975)  are  interpreted  herein  as  a  shoreward 
displaced  fauna.  The  problem  of  distinguishing  shallow  and  deep  marine  deposits 
is  summarized  by  Clifton  (1974).  Because  trace  fossils  are  autochthonous,  the 
Cruziana  assemblage  in  the  Pecan  Gap  Formation  (Dawson,  et  al.,  1977)  provides 
reliable  evidence  of  inner  shelf  deposition.  In  addition,  the  glauconitic  member 
contains  oncolites  (Dawson,  1976)  which  are  indicative  of  shallow  water.  The  over- 
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all  environment  of  deposition  is  visualized  as  a  tide-dominated  muddy  shelf  on 
which  storms  periodically  interrupted  the  normal  physical  and  biologic  conditions. 

SUMMARY 

The  glauconitic  member  is  a  facies  of  the  Pecan  Gap  Formation.  The  thinly 
bedded  facies  consists  of  33  sand-clay  pairs  that  record  alternating  high-  (storm) 
and  low-energy  (fair-weather)  conditions.  Storm  layers  consists  of:  1)  a  basal 
gravel  lag  (1  cm)  composed  of  shell  fragments,  phosphorite  pebbles,  and  clay  clasts; 
2)  an  upper  zone,  4-9  cm  thick,  of  fine-grained,  poorly  sorted,  bioturbated,  lami¬ 
nated  sand;  or  1)  a  basal  gravel  lag;  2)  a  middle  zone,  10-13  cm  thick,  of  tangen¬ 
tial  cross-laminae  with  superimposed  climbing  ripples;  3)  a  top  zone  (3  cm)  con¬ 
sisting  of  bioturbated  ripples  or  horizontal  laminae.  Arenite  layers  are  overlain 
by  laminated  silty  claystones  (marls).  The  origin  of  the  sand-clay  pairs  is  inter¬ 
preted  as  follows.  During  a  storm,  sandy  sediment  is  scoured  into  suspension 
leaving  scattered  patches  of  gravel  on  the  bottom;  sand  is  held  in  suspension  for 
the  duration  of  the  storm.  As  storm  activity  subsides,  the  sand  settles  out  of 
suspension  and  is  deposited,  very  rapidly,  as  thin  horizontal  laminae  over  the 
gravel  lag.  Waning  stomi  currents  may  rearrange  laminated  sand  into  ripples  and 
mega-ripples  forming  tangential  cross-laminae.  During  interstorm  periods,  normal 
suspension  clay  and  silt  accumulates  and  storm  sands  are  reworked  by  burrowing 
organisms.  Also,  optimum  conditions  for  glauconite  genesis  prevail  during  fair- 
weather.  Tidal  features  in  the  upper  part  of  the  glauconitic  member  record  the 
effects  of  shoaling.  Textural  data  indicate  that  deposition  occurred  predominantly 
below  normal  wave  base;  the  mollusk  and  trace  fossil  assemblage  suggest  an  inner 
shelf  environment.  Hurricane-like  storms  have  made  an  important  contribution  to 
the  geologic  record.  The  influence  of  storms  on  Upper  Cretaceous  sediments  of 
northeast  Texas  has  probably  been  underevaluated. 
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ABSTRACT 

The  range  of  Pisionodens  indica  is  extended  into  the  western  Gulf  of  Mexico.  A  brief 
diagnosis  is  presented  along  with  notes  on  distribution  and  habitats. 

INTRODUCTION 

The  family  Pisionidae  consists  of  4  genera  and  about  12  species  of  small 
errant  polychaete  worms.  They  were  originally  placed  in  the  Phyllodocidae  by 
Grube  (1857)  who  considered  them  transitional  forms  between  the  Phyllo¬ 
docidae  and  the  Glyceridae.  Aiyar  and  Alikunhi  (1940)  determined  that  the 
nephridia  were  tufts  of  solenocytes  similar  to  the  nephridia  of  phyllodocids 
and  glycerids  and  agreed  with  Grube’s  (1857)  assessment  of  the  pisionid  taxo¬ 
nomic  affinities.  Based  on  a  study  of  the  larvae  of  Pisione  remota,  Akesson 
(1961)  concluded  that  the  pisionids  showed  the  closest  affinity  to  the  aphroditid 
genus  Pholoe.  In  his  recent  revision  of  the  Polychaeta,  Eauchald  (1977)  placed 
the  Pisionidae  in  the  order  Phyllodocida,  suborder  Aphroditiforma  and  super¬ 
family  Pisionacea. 

Pisionids  are  characterized  by  having  either  a  well-developed  head  with  anten¬ 
nae  and  palps  or  a  reduced  head  having  1  or  no  antennae.  In  the  latter  case,  the 
palps  become  fused  with  the  peristomium.  The  peristomium  has  2  pairs  of  tenta¬ 
cular  cirri.  The  pharynx  bears  2  pairs  of  jaws  and  is  protruded  through  the  ventral 
slit-like  mouth.  The  parapodia  are  uniramous  or  subbiramous  elongate  lobes, 
supported  by  1  or  2  acicula.  Setae  may  be  absent  on  some  parapodia.  The  pygidium 
bears  a  pair  of  anal  cirri.  The  sexes  are  distinct  and  copulatory  organs  may  be 
present. 
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One  species  of  pisionid,  Pisione  remola  has  been  reported  from  the  eastern 
Gulf  of  Mexico  (Taylor,  \91  \). Pisionid e ns  indica\N'dS.  reported  from  the  Caribbean 
(Dexter,  1974),  but  has  not,  to  the  knowledge  of  these  authors,  been  reported 
from  any  part  of  the  Gulf  of  Mexico. 

DIAGNOSIS  AND  ECOLOGICAL  NOTES 

Pisionidens  indica  ( Aiyar  and  Alikunhi,  1940),  Fig.  1  (a-d) 

Pisionidens  indica  has  a  well  developed  prostomium  with  a  pair  of  frontal 
antennae,  a  pair  of  lateral  palps  with  basal  sheaths  and  2  pairs  of  distinct  sub- 
dermal  eyes  (Fig.  la).  The  peristomium  bears  2  pairs  of  long  tentacular  cirri.  The 
first  6  parapodia  are  minute.  The  remaining  parapodia  are  uniramous  with  a 
small  biarticulate  ventral  cirrus.  Setae  are  present  in  the  parapodia  of  young 
specimens  (Fig.  lb,  c,  d), but  the  adults  are  achaetous  (Fig.  le). 


Eigure  L  Pisionidens  indica.  a.  Anterior  end,  dorsal  view;  b.  Parapodium  of  young  speci¬ 
men;  c.  Simple  seta  of  young  specimen;  d.  Compound  seta  of  young  specimen; 
e.  Parapodium  of  adult.  Eigures  a  and  e  after  Day  (1967);  Eigures  b-d  after 
Aiyar  and  Alikunhi  (1940). 


OCCURRENCE  OF  PISIOMDENS  INDICA 


Pisionidens  indica  was  described  from  the  sandy  beach  of  Madras,  India  as 
Fisionelia  indica  (Aiyar  and  Alikunhi,  1940).  The  name  Fisionella  was  preoccu¬ 
pied  (Hartman,  1939)  and  the  authors  were  obliged  to  rename  their  genus  (Aiyar 
and  Alikunhi,  1943).  According  to  Hartmann-Schroder  (1970),  Pisionidens  is 
found  world-wide  on  tropical  beaches. 

The  worms  live  in  the  upper  layers  of  sandy  intertidal  beaches  and  are  quite 
active  burrowers.  Aiyar  and  Alikunhi  (1940)  were  able  to  obtain  breeding  indi¬ 
viduals  during  the  entire  year  and  described  the  developmental  stages. 

Six  specimens  were  collected  in  sandy  intertidal  beach  samples  on  December  30, 
1974,  0.5  km  north  of  the  Tampico  Public  Beach,  Mexico  by  K.W.  Johnson.  No 
other  collection  or  abiotic  data  are  available.  C.R.  Shelton  collected  46  specimens 
from  the  low  intertidal  zone  on  Malaquite  Beach,  North  Padre  Island,  Texas 
(27°26.4^N,  97°17.4^W)  between  July  1976  and  June  1977;  10  specimens  have 
been  deposited  in  the  National  Museum  of  Natural  Histoty  (Catalog  #54906). 
Malaquite  Beach  was  composed  of  fine  to  very  fine  sand.  Water  temperatures 
ranged  from  9.9  to  30.2  C  and  salinity  from  29.2  to  34.1  %. 
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ABSTRACT 

An  investigation  of  tne  biogenic  sedimentary  structures  produced  by  the  mole  crab 
Lepidopa  websteri  Benedict  was  conducted  under  laboratory  conditions  using  X-ray  radio¬ 
graphy.  Burrowing  by  L.  produced  4  types-ofbioturbation  structures  -  irregularities 

at  the  sediment-water  interface,  intrastratal  trails  containing  secondary  lamination  within 
the  displaced  sediment,  intrastratal  trails  containing  no  secondary  lamination,  and  general 
bioturbate  textures. 

Burrowing  behavior  (rate,  pattern,  and  position)  was  inlluenced  by  light,  simulated  tidal 
exposure,  food  abundance,  and  rates  of  sediment  deposition-erosion.  L.  websteri  reacts  neg¬ 
atively  to  light.  This  phototaxic  response  seems  to  be  the  stimulus  in  producing  2  feeding 
modes  -  filter  feeding  at  the  sediment-water  interface  generally  at  night  and  deposit  feeding 
several  cm  deep  in  the  sediment  usually  during  daylight  hours.  When  the  sediment  surface 
was  exposed  to  air,  simulating  tidal  exposure,  mole  crabs  continued  deposit  feeding  several 
cm  below  the  sediment  surface,  regardless  of  light  intensity.  When  amounts  of  food  within 
the  sediment  were  increased,  burrowing  rates  were  reduced.  Kscape  structures  were  produced 
by  L.  websteri  during  extreme  sediment  erosion.  The  mole  crabs,  because  of  their  rapid  bur¬ 
rowing  capabilities,  easily  maintained  a  more  or  less  constant  position  relative  to  the  sediment 
surface  during  times  when  sediment  erosion  or  deposition  rates  Huctuated  rapidly. 

INTRODUCTION 

In  recent  years,  some  investigators  have  used  X-ray  radiography  in  the  labora¬ 
tory  in  the  study  of  species  —  specific  biogenic  sedimentary  structures  produced 
by  benthic  organisms  found  in  the  modern  marine  environment  (Howard,  1968; 
Howard  and  Elders,  1970;  Frey  and  Howard,  1972).  In  addition  to  the  simple 
identification  of  species  that  may  have  been  active  in  ancient  sediments,  such 
studies  may  furnish  data  on  behavior  types  that  may  have  been  characteristic  of 
organisms  in  specific  ancient  environments  and  on  behavior  that  may  be  dependent 
on  environmental  parameters  such  as  rate  of  sediment  deposition.  Biogenic  sedi¬ 
mentary  structures  produced  by  the  mole  crab  Lepidopa  websteri  under  laboratory 
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conditions  have  been  briefly  described  by  Howard  (1968)  and  Frey  and  Howard 
(1972).  The  purpose  of  this  paper  is  to  enlarge  on  their  observations  by  noting 
the  effects  of  light,  tidal  exposure,  food  abundance,  and  sediment  deposition  and 
erosion  on  burrowing  behavior.  ' 

The  mole  crabs  used  in  this  study  were  collected  from  the  fine-grained  sand 
beaches  on  the  Gulf  of  Mexico  side  of  northern  Padre  Island,  a  barrier  island 
along  the  coast  of  southern  Texas  (Fig.  1).  A  detailed  description  of  this  beach 
section  is  given  by  Hunter,  et  al ,  (1972)  and  Hill  and  Hunter  (1973). 
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L.  websteri  is  highly  adapted  for  burrowing  in  sand;  it  has  paddle -like  legs  and 
a  streamlined  shape  (Fig.  2).  Mole  crabs  burrow  backwards  and  are  capable  of 
rapidly  descending  several  cms  into  sand  when  disturbed.  According  to  Pearse, 
et  ai,  (1942),  this  species  in  normally  found  lying  at  an  angle  just  beneath  the 
sediment  surface,  its  long  antennules  extended  into  the  water  above.  In  this  posi¬ 
tion,  the  animal  is  presumably  filter  feeding.  Benedict  (1904)  and  Snodgrass 
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(1952)  suggested  a  2nd  feeding  mode,  deposit  feeding,  for  the  genus  Lepidopa 
after  examining  stomach  contents  and  the  well-developed  mandibles. 


Figure  2.  Lateral  view  of  the  mole  crab  Lepidopa  websteri.  First  through  fifth  legs  shown 
in  order  left  to  right  (From  Pearse,  Humm,  and  Wharton,  1942). 


MATERIALS  AND  METHODS 

X-ray  radiographic  examinations  of  biogenic  sedimentary  structures  produced 
by  L.  websteri  were  made  by  using  a  large  narrow  plexiglass  aquarium  containing 
artificially  stratified  sediments  (Fig.  3).  The  size  of  the  aquarium  (Fig.  3)  provided 
enough  space  for  experimenting  with  several  mole  crabs  simultaneously  and  suf¬ 
ficient  depth  to  experiment  with  varying  rates  of  continuous  sediment  deposition 
or  erosion.  A  continuous  water-circulation  system  provided  well -oxygenated 
water  at  constant  temperature  (22-23  C)  and  salinity  (32-33  ppt)to  the  aquarium 
at  exchange  rates  varying  from  0-640  gal/hr.  Radiographs  were  made  using  a  small 
portable  industrial  X-ray  unit. 

Sand  for  use  in  the  aquariums  was  collected  at  the  same  place  ayid  time  as  the 
mole  crabs.  Artificial  stratification  was  produced  by  filling  the  aquarium  with 
alternating  beds  of  quartz  sand  and  heavy  minerals.  Occasionally,  detritus  was 
added  to  a  heavy -mineral  bed  to  produce  a  food-rich  layer.  Thirty -six  mole  crabs, 
each  approximately  1  cm  long,  were  used  in  this  study. 

BIOGENIC  SEDIMENTARY  STRUCTURES  PRODUCED  BY  L.  WEBSTERI 

Biogenic  sedimentary  structures  produced  by  L.  websteri  include  sediment- 
surface  irregularities,  intrastratal  trails  containing  secondary  lamination,  intra- 
stratal  trails  containing  no  secondary  lamination,  and  general  bioturbate  textures. 
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Sediment-surface  irregularities  (Fig.  4)  are  produced  by  mole  crabs  while  they 
are  filter  feeding  mainly  during  hours  of  darkness.  Lateral  movement  ju  t  beneath 
the  sediment  surface  produces  small  mounds  and  ridges.  These  structu.  "s  would 
normally  be  destroyed  by  wave  action,  and  only  under  unusual  conditions  would 
they  be  preserved  for  fossilization. 

Intrastratal  trails  are  probably  the  most  common  biogenic  sedimentary  struc¬ 
ture  produced  by  L.  websteri.  Howard  (1968)  and  Frey  and  Howard  (1972)  de¬ 
scribed  these  intrastratal  trails  as  being  U-shaped  and  characterized  by  up-arched 
backfill.  This  study  found  that  mole  crabs  made  3  types  of  intrastratal  trails: 
U-shaped  trails  containing  cup-shaped  secondary  lamination,  horizontal  to  gently 
inclined  trails  containing  no  secondary  lamination  (Fig.  5),  and  steeply  inclined 
trails  containing  no  secondary  lamination  (Fig.  6).  U-shaped  intrastratal  trails 
are  produced  when  a  mole  crab  changes  its  filter-feeding  position.  The  secondary 
lamination  associated  with  such  trails  is  clearly  defined  when  the  animal  passes 
through  a  distinct  sediment  layer  such  as  a  heavy -mineral  layer.  Oblique  to  hori¬ 
zontal  intrastratal  trails  containing  no  distinct  secondary  internal  lamination  are 
a  product  of  intense  deposit  feeding  by  mole  crabs  as  they  follow  a  particular 
inclined  or  horizontal  food-rich  layer.  Nearly  vertical  intrastratal  trails  containing 
no  secondary  lamination  are  escape  structures  and  are  associated  with  rapid  sedi¬ 
ment  erosion  and  downward  escapes  of  the  crabs. 
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Figure  4.  Sediment-surface  irregularities  produced  by  L.  websteri  while  filter  feeding 
during  the  hours  of  darkness.  A.  Sand  and  heavy-mineral  layers  deposited 
during  daylight  hours  (1,  water;  2,  heavy  minerals;  3,  sand).  B.  Same  sand  and 
heavy -mineral  layers  after  12  hours  of  darkness  (4,  mole  crabs).  (Drawings 
made  from  X-ray  radiographs.) 

General  bioturbate  textures  resulting  from  burrowing  activities  of  L.  websteri 
are  associated  with  a  low  rate  of  sediment  deposition  and  an  abundance  of  intra- 
stratal  food.  As  the  rate  of  sediment  deposition  decreased  and/or  the  abundance 
of  intrastratal  food  increased,  the  amount  of  bioturbation  increased. 

Two  of  3  types  of  intrastratal  trails  produced  by  L.  websteri  in  the  laboratory 
have  been  recognized  in  cores  taken  in  the  Gulf  of  Mexico  off  northern  Padre 
Island,  Texas.  Oblique  to  horizontal  intrastratal  trails  containing  no  distinct  sec¬ 
ondary  lamination,  similar  to  the  intrastratal  trails  produced  by  mole  crabs  while 
deposit  feeding  under  laboratory  conditions,  have  been  found  in  cores  taken  in 
the  surf  and  intertidal  zones.  U-shaped  intrastratal  trails  containing  cup-shaped 
secondary  lamination,  similar  to  the  intrastratal  trails  produced  by  mole  crabs 
while  filter  feeding  under  laboratory  conditions,  were  observed  in  cores  taken  in 
sandy  substrates  at  water  depths  of  8-15  m.  Although  mole  crabs  were  not  found 
in  the  above  mentioned  cores,/.,  websteri  is  commonly  found  in  the  general  area 
from  which  the  cores  were  taken. 
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B.  Part  of  an  intrastratal  trail  extends  horizontally  along  a  food-rich  mineral 


Figure  6.  Escape  structures  produced  by  L.  websteri  during  periods  of  rapid  erosion  of 
sediment.  Heavy  mineral  layers  were  neatly  penetrated,  but  some  heavy  min¬ 
erals  were  drawn  downward  during  the  passage  of  the  mole  crabs.  (Drawing 
made  from  X-ray  radiograph.) 
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FACTORS  INFLUENCING  BURROWING  BEHAVIOR 

Burrowing  behavior  (rate,  pattern,  and  position)  shown  by  mole  crabs  was  in¬ 
fluenced  by  light,  simulated  tidal  exposure,  food  abundance,  and  rates  of  sedi¬ 
ment  deposition  and  erosion. 

L.  websteri  was  found  to  be  phototaxically  negative  during  initial  experiments. 
This  phototaxic  response  was  important  in  determining  the  depth  and  rate  of 
burrowing  by  the  organisms.  Consequently,  a  light  shield  was  installed  around 
the  outside  of  the  aquarium  leaving  only  the  sediment  surface  exposed. 

A  negative  phototaxic  response  seems  to  be  the  stimulus  in  producing  two 
feeding  modes  (Fig.  7).  During  the  hours  of  darkness,  a  majority  of  mole  crabs 
were  observed  filter  feeding  at  the  sediment-water  interface.  Some  lateral  move¬ 
ment  produced  sediment -water  irregularities  and  bioturbate-textured  sediments 
in  the  top  2  cm  of  sediment.  U-shaped  intrastratal  trails  containing  arched  back¬ 
fill  were  produced  occasionally  when  the  mole  crabs  moved  from  one  point  of 
filter  feeding  to  another.  Deposit  feeding  by  mole  crabs  occurred  most  commonly 
during  daylight  hours  from  4-8  cm  below  the  sediment  surface  resulting  in  oblique 
to  horizontal  intrastratal  trails  containing  no  secondary  lamination.  Feeding  ac¬ 
tivities  were  concentrated  within  strata  containing  large  amounts  of  detritus. 

Exposing  the  sediment  surface  to  air  in  simulation  of  tidal  exposure,  caused 
the  mole  crabs  to  continue  deposit  feeding  below  the  sediment  surface  regardless 
of  light  intensity.  During  daylight  hours  on  the  Padre  Island  beach,  mole  crabs 
were  found  well  above  the  waterline  at  low  tide.  In  each  place,  the  minimum 
depth  at  which  the  mole  crabs  were  found  corresponded  with  the  level  of  the 
water  table. 

As  the  food  supply  increased,  burrowing  rates  of  the  mole  crabs  decreased. 
Burrowing  rates  averaged  0.9  cm/hr  in  daylight  in  detritus-rich  strata  whereas  in 
detritus-poor  strata  burrowing  rates  during  the  daylight  hours  averaged  1 .6  cm/hr. 
Because  of  the  restrictions  of  the  aquarium,  these  absolute  burrowing  rates  are 
probably  not  indicative  of  those  found  in  nature.  Mole  crabs  have  been  observed 
to  burrow  from  6-8  cm  in  several  seconds. 

During  extreme  sediment  erosion,!,  websteri  easily  maintained  a  more  or  less 
constant  depth  relative  to  the  sediment  surface  by  rapid  burrowing.  Under  normal 
depositional  conditions,  mole  crabs  commonly  stayed  at  a  depth  of  from  4-6  cm 
during  daylight  hours  and  occasionally  descended  as  deep  as  8-10  cm. 

CONCLUSIONS 

Biogenic  sedimentary  structures  produced  by  L.  websteri  include  sediment- 
surface  irregularities  and  U-shaped  intrastratal  trails  containing  secondary  lamina¬ 
tion  ,  both  types  are  associated  with  filter  feeding;  oblique  to  horizontal  intrastratal 
trails  containing  no  secondary  lamination  are  results  of  deposit  feeding;  nearly 
vertical  intrastratal  trails  containing  no  secondary  lamination  (escape  structures) 
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are  produced  during  extreme  sediment  erosion;  and  general  bioturbate  textures 
are  associated  with  decreased  rates  of  sediment  deposition  and/or  increased  food 
supplies. 
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Figure  7.  Bioturbated  sediments  resulting  from  diurnal  teedmg  patterns  shown  by  L. 


websteri.  Representative  sections  of  the  aquarium  showing  effects  of  mole 
crabs  on  newly  deposited  sediment  (A,B)  during  hours  of  daylight  (A’)  and 
darkness  (B’)-  (Drawings  made  from  X-ray  radiographs.) 

Burrowing  behavior  is  influenced  by  photoperiod,  tidal  exposure,  abundance 
of  organic  detritus,  and  rates  of  sediment  erosion-deposition.  L.  websteri  reacts 
negatively  to  light,  generally  maintaining  a  relatively  constant  position  during 
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daylight  hours  4-6  cm  below  the  sediment  surface.  Apparently  as  a  phototaxic 
response,  mole  crabs  generally  filter  feed  at  night  and  deposit  feed  during  the  day. 
Locally  abundant  food  supplies  reduce  burrowing  rates. 
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ABSTRACT 


Responses  are  described  foi  Posthodiplostomum  minimum  and  Schistosoma  mansoni  cer- 
cariae  exposed  to  sera  from  fish  both  infected  and  uninfected  withR.  minimum  metacercariae. 
Studies  conducted  included  comparisons  in  cercarial  responses  to  sera  from  uninfected  and 
infected  fish  at  dilutions  to  1:32  at  25  and  37  C.  Results  were  R  minimum  cercaricidal  lysis 
in  undiluted  sera  from  infected  and  uninfected  fish  and  S.  mansoni  cercarial  lysis  in  infected 
fish  serum.  An  absence  of  lysis  and  appearance  of  a pericercarial  envelope  occurred  inP.  mini¬ 
mum  cercariae  when  1:4  serum  dilutions  and  greater  were  used.  Cercarial  responses  to  in¬ 
fected  and  uninfected  sera  at  different  dilutions  are  pictured  and  described. 

INTRODUCTION 


Immunologic  studies  using  larval  trematode  parasites  have  dealt  almost  ex¬ 
clusively  with  sera  of  warm-blooded  animals.  These  include  the  study  ofPapir- 
meister  and  Bang  (1949)  showing  precipitate  formation  around  cercariae  exposed 
to  sera  of  humans  and  monkeys;  the  observations  of  Vogel  and  Minning  (1949) 
of  envelope  formation  or  CHR  (cercarienhiillen  reaktion)  in  cercariae  of  Schisto¬ 
soma  mansoni  placed  in  sera  from  uninfected  and  infected  animals;  and  the  study 
of  Stirewalt  and  Evans  (1955)  which  suggested  that  the  formation  of  pericercarial 
envelopes  protected  the  larvae  from  certain  antagonistic  factors  in  the  cercaricidal 
serum  and  that  this  cercaricidal  factor  was  inhibitory  to  the  CHR. 

Few  studies  have  been  made  on  the  effects  of  fish  sera  on  larval  trematode 
parasites.  First  observations  were  reported  by  Culbertson  and  Talbot  (1935)  and 
later  by  Harvey  and  Meade  (1969)  who  reported  Posthodiplostomum  minimum 
cercariae  exposed  to  sera  from  both  infected  and  uninfected  fish,  Lepomis  sp., 
reacted  by  being  hyperactive  and  secreting  copious  quantities  of  oral  exudate 
which  continued  until  cercarial  death.  The  present  investigation  was  an  extension 
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of  the  study  of  Harvey  and  Meade  (1969)  as  to  sera  dilution  effects  of  Lepomis 
sp.  on  cercariae  of  P.  minimum.  Serum  specificity  was  studied  using  human  blood 
fluke  cercariae  of  S.  mansoni. 

MATERIALS  AND  METHODS 

Fish  of  genus  Lepomis  were  collected  both  locally  where  infection  with  P. 
minimum  metacercariae  is  extensive  and  from  an  area  in  central  Texas  where 
the  infection  is  essentially  absent.  Fish  were  maintained  in  the  laboratory  in  well- 
aerated  aquaria.  Post-mortem  examination  eliminated  from  the  study  all  fish  with 
visible  infections  other  than  P.  minimum.  The  P.  minimum  cercariae  used  in  the 
experiments  were  collected  after  spontaneous  shedding  by  snails,  Physa  halei 
Lea;  whereas,  S.  mansoni  cercariae  were  collected  after  emergence  from  stock 
cultures  of  Biomphalaria glabrata  Say. 

Blood  was  aseptically  obtained  from  fish  by  cardiac  puncture,  placed  in  Kahn 
tubes,  and  centrifuged  at  3000  RPM  at  5  C  for  20  min.  Sera  were  decanted  by 
micropipet,  allowed  to  warm  to  room  temperature,  and  used  within  1  hr. 

Dilution  effects  on  sera  were  compared  by  using  saline,  uninfected  serum,  in¬ 
fected  serum,  and  serum  heat -inactivated  at  56  C  for  30  min.  Dilutions  were  ac¬ 
complished  by  placing  of  sera  into  Kahn  tubes  with  0.7%  physiological  saline  in 
concentrations  of  1:1,  1  ;2,  1  ;4,  1:8,  1:16,  and  1 :32,  respectively.  Both  cercarial 
types  were  treated  similarly  by  placing  3-7  larvae  on  cover  slips  into  3  drops  of 
each  dilution.  Cover  slips  were  then  affixed  to  ring  mount  slides  using  a  petroleum 
jelly  sealant.  Controls  were  prepared  using  physiological  saline  only.  Both  exper¬ 
imental  and  control  slides  were  incubated  at  37  C  for  1  hr  or  maintained  at  25  C 
for  24  hrs.  Slides  were  examined  at  1 , 3  and  24  hrs  for  changes  in  cercarial  morph¬ 
ology. 


RESULTS 

Cercariae  of  P.  minimum  placed  in  the  respective  dilutions  of  infected  fish 
serum  showed  both  cercaricidal  activity  and  pericercarial  envelope  formation.  Cer¬ 
carial  lysis  occurred  within  1  hr  in  the  1:1  to  1:4  preparations  at  37  C;  whereas, 
in  1 :8  to  1 :32  concentrations,  cercariae  reacted  by  constricting  the  body  and  se¬ 
creting  a  globular  oral  exudate.  No  effects  were  observed  on  cercariae  in  0.7% 
physiological  saline  at  this  temperature.  Cercarial  responses  to  serum  dilutions 
maintained  at  25  C  for  1  hr  were  a  cercaricidal  effect  in  the  1:1  ratio,  with  1:2 
and  1 :4  respectively  showing  an  extreme  to  moderate  body  construction  (Fig.  1). 
Concentrations  of  1 :8  to  1 :32  produced  pericercarial  envelope  formation  which 
was  initially  seen  to  develop  around  the  tail  region  30  min  after  exposure  and 
the  entire  body  within  1  hr  (Figs.  2,  3,  4).  Observations  at  24  hrs  showed  a  re¬ 
tention  of  this  envelope.  No  effects  were  observed  on  cercariae  in  0.7%  physio¬ 
logical  saline  at  this  temperature. 
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Figure  1.  Constriction  of  tail  region  of  P.  minimum  cercaria  in  Lepomis  serum. 


Figure  2.  Formation  of  pericercarial  envelope  in  tail  region  of  P.  minimum  cercaria. 
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Figure  3.  Formation  of  pericercarial  envelope  in  head  region  of  P.  minimum  cercaria. 


Figure  4.  Pericercarial  envelope  totally  encasing  P.  minimum  cercariae. 

S.  mansoni  cercariae  in  serum  dilutions  fromP.  minimum  infected  fish  blood 
reacted  similar  ioP.  minimum  cercariae  in  blood  serum  obtained  from  uninfected 


POS  THODIPL  OSTOMUM  MINIMUM 


51 


fish.  S.  mansoni  larvae  exhibited  lysis  in  the  1:1  and  1:2  dilutions  incubated  at 
37  C  for  1  hr,  while  cercariae  in  1:4  to  1:32  concentrations  showed  both  ex¬ 
treme  to  very  slight  body  constriction  and  secretion  of  oral  exudate.  Cercariae 
in  0.7%  saline  were  unaffected.  S.  mansoni  larvae  in  serum  preparations  main¬ 
tained  at  25  C  exhibited  cercaricidal  lysis  within  1  hr  in  1:1  and  1:2  dilutions, 
while  in  1 :4  to  1 :32  concentrations,  a  cercarial  response  of  extreme  to  slight  body 
constriction  occurred.  Secretions  of  oral  exudate  were  observed  in  all  dilutions 
except  the  1 :32;  however,  at  no  time  was  there  any  evidence  of  pericercarial  en¬ 
velope  formation  with  S.  mansoni  cercariae.  Serum  that  was  heat-inactivated  and 
diluted  with  0.7%  physiological  saline  in  the  concentrations  previously  described, 
incubated  at  37  C  or  maintained  at  25  C,  affected  no  cercarial  responses,  nor  was 
any  movement  observed  24  hrs  following  exposure. 

DISCUSSION 

Results  from  the  present  study  corroborated  the  earlier  investigation  by  Harvey 
and  Meade  (1969)  in  that  P,  minimum  cercariae  were  lysed  in  blood  sera  taken 
from  both  infected  and  uninfected  fish.  Additional  data  here  include  the  role  of 
differing  serum  concentrations  onP.  minimum  cercarial  responses. 

The  use  of  infected  serum  dilutions  which  resulted  in  an  absence  of  lysis  and 
in  the  formation  of  envelopes  around  P.  minimum  cercariae  leaves  little  doubt 
that  nonspecific  blood  serum  factor(s)  are  responsible  for  the  cercaricidal  responses 
reported  by  Harvey  and  Meade  (1969)  and  those  described  here.  However,  form¬ 
ation  of  a  pericercarial  envelope  is  less  easily  explained, but  its  occurrence  in  serum 
taken  from  P.  minimum  infected  fish  and  not  in  uninfected  serum  suggests  pos¬ 
sible  antigen -antibody  interaction.  Meade  and  Harvey  (1969)  showed  that  serum 
of  Lepomis  sp.  was  altered  by  the  presence  of  P.  minimum  infection  as  evidenced 
by  an  increase  in  beta  and  gamma  globulins  accompanied  by  a  decrease  in  albumin. 
The  appearance  of  an  envelope  in  serum  concentrations  1:8  and  greater  may  have 
been  due  to  a  diluting  of  the  serum  cercaricidal  factor(s),  thereby  allowing  the 
P.  minimum  larvae  time  to  respond  to  serum  antibodies.  Numerous  investigators 
have  shown  the  CHR  of  S.  mansoni  occurring  in  mammals  to  be  an  immunologic 
response.  Due  to  the  many  similarities  between  the  CHR  of  S.  mansoni  and  en¬ 
velope  formation  in  P.  minimum  it  is  not  unreasonable  to  explain  the  latter  re¬ 
sponse  in  like  manner.  Studies  are  in  progress  to  define  the  nature  of  this  envelope. 

ACKNOWLEDGEMENTS 

This  investigation  was  supported  in  part  by  a  University  Research  Award. 
Some  materials  used  in  the  study  were  provided  by  the  U.S. -Japan  Cooperative 
Medical  Science  Program— NIAID. 


58 


THE  TEXAS  JOURNAL  OF  SCIENCE 


LITERATURE  CITED 

Culbertson,  J.  T.,  and  S.  B.  Talbot,  1935 -A  new  antagonistic  property  of  normal  serums: 
The  cercaricidal  actions.  Sci.,  82:525. 

Harvey,  J.  S.,  Jr.,  and  T.  G.  Meade,  1969 -Observations  on  the  effects  of  fish  serum  on  cer- 
carial  and  metacercarial  stages  of  Posthodiplostomum  minimum  (Trematoda:  Diplostom- 
idae).Prac.  Helm.  Soc.  Wash.,  36:211. 

Meade,  T.  G.,  and  J.  S.  Harvey,  Jr.,  1969-Effectsof  helminth  parasitism  of  Posthodiplostomum 
minimum  on  serum  proteins  of  Lepomis  macrochirus  and  observations  on  piscine  sero¬ 
logical  taxonomy.  Copezc,  4:638. 

Papirmeister,  B.,  and  F,  B.  Bang,  1949-The  in  vitro  actions  of  immune  sera  on  cercaria  of 
Schistosoma  mansoni.  AmJ.  Hyg.,  48:74. 

Stirewalt,  M.  A.,  and  A.  S.  Evans,  1 955 -Serologic  reactions  in  5'c/zwfosomzz  mzzrzTOw/  infect¬ 
ions.  I.  Cercaricidal,  precipitin,  agglutination,  and  CHR  phenomena.  Exp.  Parasit.,  4:123. 

Vogel,  H.,  and  W.  Minning,  1949-Hullenbildung  bei  Bilharzia-Cercarien  Serum  bilharzia- 
infizerter  Tiere  und  Menschen.  Zentr.  Bakteriol.  Parasitenk.,  Abt.  I.  Orig.,  153:91. 


AROMATASE  ENZYME  ACTIVITY  FROM  PLACENTAE  AND 
TESTES  OF  SEVERAL  MAMMALS* 

by  ROYC.  MILLS^ 

Department  of  Biology, 

Southwest  Texas  State  University 
San  Marcos  78666 

ABSTRACT 


Aromatase  enzyme  activity  was  measured  in  stallion  testes,  human  placentae,  bovine 
testes  and  placentae,  and  rat  testes  and  placentae  using  a  tritiated  water  production  assay 
technique.  Enzyme  activity  was  highest  in  stallion  testes,  moderate  in  human  placentae,  and 
very  low  in  bovine  placentae.  The  enzyme  in  each  of  these  tissues  showed  a  definite  sub¬ 
strate  preference  for  androst-4-ene-3,17-dione  (androstenedione)  over  testosterone.  No 
enzyme  activity  was  found  in  the  remaining  tissues. 


INTRODUCTION 

The  aromatase  enzyme  complex  converts  the  androgens  (androstenedione  and 
testosterone)  to  estrogens  (estrone  and  estradiol,  respectively)  and  is  expected  to 
be  highly  active  in  female  endocrine  tissues  which  secrete  estrogens.  The  produc¬ 
tion  of  estrogens  by  testicular  tissues  has  been  reported  to  occur  in  numerous  spe¬ 
cies  with  the  stallion  being  reported  as  the  richest  source  of  estrogens  (McDonald, 
1975).  The  aromatase  enzyme  from  human  placentae  has  been  extensively  studied 
(Thompson  and  Siiteri,  1974;  Reed  and  Ohno,  1976)  as  has  that  of  equine  testes 
(Bedrak  and  Samuels,  1969;  Oh  and  Tamaoki,  1973).  Direct  comparisons  between 
these  2  and  endocrine  tissues  from  other  species  have  not  been  reported.  This 
study  was  undertaken  to  quantitatively  and  qualitatively  compare  the  aromatase 
activity  from  microsomal  preparations  of  various  mammalian  steroidogenic  tis¬ 
sues. 


MATERIALS  AND  METHODS 

Human  term  placentae  were  collected  at  delivery.  The  stallion  testes  were  ob¬ 
tained  at  castration  from  horses  ranging  in  age  from  less  than  2  up  to  5  yrs  old. 
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Bovine  placentae  and  testes  were  collected  from  mature  cattle  following  slaughter 
at  a  local  abattoir.  Rat  placentae  and  testes  were  obtained  from  albino  rats  raised 
in  our  laboratory  from  stock  purchased  from  the  Texas  Inbred  Mouse  Company, 
Houston.  Each  sample  of  rat  testicular  tissues  was  obtained  by  combining  the 
testes  from  5  animals.  At  the  time  of  collection,  each  tissue  was  placed  in  cold 
saline  and  held  on  ice  until  separated  from  connective  tissue  sheaths  and  substrata. 
It  was  then  minced  and  homogenized  in  0.25  M  sucrose  (1:1,  wt:vol)  with  a 
Waring  blender.  The  microsomes  were  obtained  by  differential  ultracentrifuga¬ 
tion  as  described  by  Thompson  and  Siiteri  (1974).  The  microsomal  pellet  was 
resuspended  in  varying  volumes  of  0.25  M  sucrose,  homogenized  in  a  Ten  Broeck 
tissue  grinder,  divided  into  1  ml  fractions  and  frozen.  This  allowed  use  of  the  in¬ 
dividual  fractions  for  protein  assay  and  enzymatic  determinations  without  thaw¬ 
ing  and  refreezing  of  the  whole  batch.  Protein  concentrations  were  determined 
by  the  method  of  Lowry,  et  al,  (1951). 

Reduced  nicotinamide  adenine  dinucleotide  phosphate  (NADPH)  was  pur¬ 
chased  from  Sigma.  1 ,2-^H- Androst-4-ene-3,17-dione  and  1 ,2-^H-testoster- 
one  were  obtained  from  New  England  Nuclear  and  were  purified  prior  to  use  on 
microcelite  columns  as  previously  described  (Walsh,  et  al,  1976). 

Aromatase  enzyme  activity  was  measured  by  the  release  of  tritiated  water 
during  aromatization  of  the  1 ,2-tritiated  androgens  to  form  estrogens  as  described 
by  Thompson  and  Siiteri  (1974)  and  extensively  tested  by  Reed  and  Ohno(1976). 
Reed  and  Ohno  (1976)  state  that  the  production  of  tritiated  water  is  directly 
proportional  to  the  production  of  estrogen  and  therefore  is  a  valid  quantitative 
assay  for  aromatase  activity  in  short  term  kinetic  studies.  Eor  the  assay  incuba¬ 
tions,  5.29  qci  of  1 ,2-^H-androst-4-ene-3,17-dione  (45  Ci/mmol)  or  1 ,2-^H- 
testosterone  (48  Ci/mmol)  were  added  in  20  /il  of  ethanol  and  the  ethanol  was 
evaporated  under  a  stream  of  nitrogen.  One  ml  of  the  diluted  microsomal  profein 
(dilutions  were  varied  between  10  jug/ml  to  10  mg/ml  in  0.05  M  tris  buffer, 
pH  7.4)  was  added  and  the  reaction  was  started  by  the  addition  of  1  ml  of  a  0.5  mM 
solution  of  the  required  cofactor,  NADPH,  in  0.05  M  tris  buffer,  pH  7.4.  Controls 
received  1  ml  of  the  tris  buffer  without  the  NADPH.  Incubations  were  carried 
out  at  37  C.  Half  ml  aliquots  of  the  incubation  mixture  were  removed  at  2;  5*;  and 
lO-min  intervals  and  the  reaction  was  stopped  in  each  by  the  addition  of  0.1  ml 
of  an  aqueous  suspension  containing  10%  trichloroacetic  acid  (TCA)  and  5%  acti¬ 
vated  charcoal.  The  TCA  denatured  the  enzyme  while  the  activated  charcoal 
bound  the  tritiated  steroids.  Upon  centrifugation,  the  denatured  proteins  and 
charcoal-bound  tritiated  steroids  (both  androgens  and  estrogens)  were  precipi¬ 
tated  leaving  an  aqueous  supernatant  containing  the  tritiated  water.  A  0.2  ml 
aliquot  of  each  aqueous  supernatant  was  counted  by  liquid  scintillation  to  deter¬ 
mine  the  amount  of  tritiated  water  produced.  The  scintillation  cocktail  contained 
4.0  g  of  2,5-diphenyl  oxazole,  0.05  g  of  1 ,4-di(2-(5-phenyloxazolyl))-benzene, 
1  liter  of  toluene,  0.5  1  of  Triton  X- 100,  and  0.15  1  of  water. 
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RESULTS  AND  DISCUSSION 


Stallion  testes  from  3  horses  with  scrotal  testes  were  found  to  have  the  highest 
aromatase  enzyme  activity  of  the  various  tissues  studied.  As  shown  in  Table  1 
(excluding  stallion  No.  3),  tritiated  water  production  using  tritiated  androstenedione 
as  substrate,  varied  from  a  low  of  463  counts/min/jug  of  microsomal  protein/min 
incubation  time  (cpm/jug/min)  to  a  high  of  5924  cpm//rg/min.  The  youngest  stal¬ 
lion  in  this  study  (No.  3)  had  one  testis  that  was  not  fully  descended  and  the 
aromatase  enzyme  activity  of  that  testis  produced  only  136  cpm//ig/min.  The 
contralateral  testis,  which  was  fully  scrotal,  produced  only  221  cpm/jUg/min  of 
tritiated  water.  No  reports  of  aromatase  activity  from  cryptorchid  or  undescended 
stallion  testes  were  found  in  the  literature.  Bedrak  and  Samuels  (1969)  reported 
that  aromatase  enzyme  activity  was  less  in  testes  from  2-yr-old  stallions  than 
from  4--yr-olds. 


TABLE  1 

Aromatase  Enzyme  Activity  of  Stallion  Testicular  Microsomes 


Stallion  Age  Testis _ Substrate _ 

No.  (yrs)  Androstenedione  Testosterone 

(cpm//Jg/min)^  (cpm/)Ug/min)^ 


1 

2 

Right 

5924 

_ 

Left^ 

— 

— 

2 

2 

Right 

796 

356 

Left 

463 

-- 

3 

2 

Right  (undescended) 

136 

80 

Left 

221 

138 

4 

5 

Right 

1743 

939 

Left 

2093 

1081 

^  Counts/min/jUg  of  microsomal  protein/min  of  incubation.  Mean  values  from  2,  5,  and  10 
min  incubations. 

2 

The  microsomal  pellet  from  this  testis  was  lost  during  preparation. 


In  all  stallion  testicular  microsomes  tested,  the  aromatase  enzyme  showed  a 
definite  preference  for  androstenedione  over  testosterone  as  substrate  as  seen  in 
Table  1  and  presented  graphically  in  Fig.  1.  These  results  are  in  agreement  with 
those  of  Bedrak  and  Samuels  (1969)  who  reported  that  androstenedione  disap¬ 
peared  from  their  incubation  mixture  faster  than  did  testosterone  suggesting  a 
substrate  preference  of  the  aromatase  enzyme  from  stallion  testes  for  androsten¬ 
edione. 


62 


THE  TEXAS  JOURNAL  OF  SCIENCE 


Figure  1.  Substrate  preference  for  androstenedione  (A)  over  testosterone  (T)  by  equine 
testicular  microsomes  as  indicated  by  tritiated  water  production.  Data  are  from 
stallion  No.  2  but  are  representative  of  stallion  testicular,  human  placental, 
and  bovine  placental  microsomes.  Details  of  incubation  parameters  are  described 
in  text. 

Human  placental  microsomes  generally  produced  less  tritiated  water  (Table  2) 
than  did  the  stallion  testicular  microsomes.  This  supports  the  statement  of 
McDonald  (1975)  that  the  stallion  testis  is  the  richest  known  source  of  estrogen. 
Although  direct  comparisons  are  difficult  because  of  differences  in  techniques, 
the  human  placental  microsomes  in  this  study  surpassed  those  of  Reed  and  Ohno 
(1976)  with  regard  to  their  production  of  tritiated  water. 

The  human  placental  aromatase  enzyme  preparations  exhibited  a  substrate 
preference  for  androstenedione  over  testosterone  similar  to  that  found  in  stallion 


AROMATASE  ENZYME  ACTIVITY 


63 


testes.  This  phenomenon  was  previously  reported  by  Thompson  and  Siiteri  (1974) 
and  investigated  thoroughly  by  Reed  and  Ohno  (1976)  who  reported  a  definite 
difference  in  the  Km  values  for  the  2  substrates. 

TABLE  2 


Aromatase  Enzyme  Activity  of  Human  and  Bovine  Placental  Microsomes 


Placental 

Substrate 

Sample 

Androstenedione 

(cpm/jUg/min)^ 

Testosterone 

(q3m/jUg/min)^ 

Human 

1 

523.0 

205.0 

2 

290.0 

133.0 

Bovine 

1 

10.4 

7.9 

2 

1.3 

0.9 

^Counts/min/jUg  of  microsomal  protein/min  of  incubation.  Mean  values  calculated  from  2, 
5,  and  10  min  incubations. 


Bovine  placental  microsomes  produced  very  small  amounts  of  tritiated  water 
as  shown  in  Table  2.  Ainsworth  and  Ryan  (1966)  reported  estrogen  formation 
from  dehydroepiandrosterone  and  androstenedione  by  bovine  placental  micro¬ 
somes,  but  no  quantitative  rates  were  reported.  As  with  the  stallion  testicular  and 
human  placental  microsomes,  the  bovine  placental  microsomes  showed  a  sub¬ 
strate  preference  for  androstenedione  over  testosterone. 

Microsomal  preparations  from  bovine  testes,  rat  testes  or  rat  placentae  failed 
to  show  any  aromatase  enzyme  activity  in  our  system  even  at  10  mg/ml  micro¬ 
somal  protein  concentrations.  Nyman,  et  al,  (1959)  reported  that  estrogens  had 
been  extracted  from  bovine  testes  but  no  estrogen  synthesis  was  found  in  per¬ 
fusion  or  slice  incubation  studies.  No  reference  to  estrogen  synthesis  in  rat  testes 
or  placentae  were  found,  though  Ainsworth  and  Ryan  (1966)  reported  an  ab¬ 
sence  of  estrogen  synthesis  from  rabbit  and  guinea  pig  placental  microsomes.  In 
these  species  the  corpus  luteum  apparently  supplies  the  estrogenic  needs  of  preg¬ 
nancy. 


CONCLUSIONS 

Since  all  tissues  and  assays  were  handled  in  the  same  manner,  it  seems  safe  to 
compare  them  directly  and  to  conclude  that,  quantitatively,  the  stallion  testis 
contains  more  aromatase  enzyme  than  does  human  placenta,  which,  in  turn, 
contains  more  than  bovine  placenta. 

Qualitatively,  the  enzyme  appears  to  be  the  same  from  the  various  tissues, 
having  the  same  substrate  preference  for  androstenedione  over  testosterone  and 
a  requirement  for  NADPH  as  cofactor. 
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GROWTH  OF  BHK-21  CELLS  IN  A  MASS  CULTURE  SYSTEM 
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ABSTRACT 

Large  quantities  of  cells  were  grown  on  glass  beads  in  a  mass  culture  system  which  required 
very  little  space  and  was  relatively  easy  to  operate.  The  maximum  cell  growth  in  5  days  using 
3000  glass  beads  was  2.45  x  10^  viable  cells  (24.5  fold  increase).  Growth  curves  were  obtained 
for  BHK-21/13  cells  grown  in  both  8  oz  bottles  and  the  mass  culture  system. 

INTRODUCTION 

Many  cell  types  such  as  primary  explants  will  not  grow  in  suspension  cultures 
but  will  grow  when  anchored  to  solid  surfaces.  The  Eederal  Government  code  of 
regulations  requires  that  vaccines  and  biochemicals  for  human  use  be  restricted  to 
production  in  normal  noncancerous  tissue  such  as  primary  cell  lines. 

During  the  past  decade,  various  investigators  have  developed  methods  which 
allow  industrial  vaccine  production .  Two  approaches  have  been  used :  Construction 
of  vessels  which  have  greater  surface  areas  and  improvement  of  the  environmental 
conditions  which  promote  cell  growth. 

Kruse  and  Miedema  (1965a)  produced  17  layers  of  Don  Chinese  hamster  cells 
in  roller  bottles  by  perfusion.  House,  et  al.,  (1972)  increased  the  surface  area  of 
a  roller  bottle  by  the  addition  of  a  corrugated  unplasticized  polyester  film,  Melinex, 
to  roller  bottles.  Weiss  and  Schleicher  (1968)  developed  a  multisurface  tissue 
propagator  which  consists  of  an  enclosed  vessel  containing  many  separate  glass 
plates  to  which  cells  attach  and  proliferate.  Wohler,  et  al,  (1972)  grew  cells  on 
glass  beads  (3.5  mm-4.0  mm)  in  a  modified  separatory  funnel.  Recently,  Spier 
and  Whiteside  (1976)  produced  foot-and-mouth  disease  virus  in  BHK  cells  grown 
on  glass  spheres.  Their  yield  and  susceptibility  compares  favorably  with  BHK-21 
cells  grown  in  Roux  bottles. 

The  objective  of  this  study  was  to  develop  a  mass  culture  system  in  which  large 
quantities  of  cells  could  be  grown  on  glass  beads  in  a  small  and  efficient  growth 
chamber.  In  addition,  growth  curves  for  BHK-21/13  cells  grown  in  the  mass  cul¬ 
ture  system  and  bottles  were  established  to  provide  a  basis  for  evaluation. 
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MATERIALS  AND  METHODS 

Description  of  the  Mass  Culture  Apparatus 

The  mass  culture  system  developed  in  this  study  consists  of  6  systems  (Fig.  1): 
The  pumping  system,  perfusion  system,  harvesting  and  seeding  apparatus,  aeration 
system,  growth  chamber,  and  drainage  system. 


I'igure  1.  Entire  mass  culture  system.  A  schematic  representation  of  the  entire  mass  cul¬ 
ture  system  developed  in  this  study.  The  mass  culture  system  consists  of  6 
systems:  The  pumping  system,  perfusion  system,  harvesting  and  seeding  system, 
aeration  system,  growth  chamber  and  drainage  system.  Each  system  is  under¬ 
lined  on  the  schematic  diagram. 
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The  pumping  system  and  a  glass  pump  (Fig.  1)  circulate  medium  through  the 
glass  beads.  The  pumping  system  consists  of  a  3  cc  disposable  syringe  attached 
by  a  push  rod  to  a  concentric  cam  on  a  Dayton  1/70  HP  electric  motor.  As  the 
syringe  is  aspirated  by  the  motor,  1.5  ml  of  culture  medium  is  forced  into  the 
inlet  of  the  glass  pump.  On  the  return  stroke,  medium  is  forced  from  the  outlet 
since  a  1-way  glass  valve  restricts  the  backflow  of  medium.  In  use,  this  produced 
a  downward  circulation  of  medium  through  the  bead  mass  and  provided  consistent 
aeration  of  the  culture  medium.  The  pumping  system  has  the  advantage  over  an 
aeration  system  by  preventing  the  formation  of  foam. 

The  perfusion  system  includes  a  medium  reservoir  bottle,  a  solenoid  clamp, 
and  a  timer  (Fig.  1).  The  flow  of  medium  from  the  reservoir  bottle  to  the  growth 
chamber  is  controlled  by  a  solenoid  clamp  and  timer.  The  timer  (Fig.  2)  which 
was  constructed  in  our  laboratory,  can  be  independently  controlled  so  that  the 
off  time  can  be  adjusted  from  0-720  min  and  the  on  time  can  be  adjusted  from 
0-45  sec. 


Ligure  2.  Diagram  of  the  electrical  timer.  A  diagram  of  the  electrical  timer  which  can  be 
independently  controlled  so  that  the  off  time  can  be  adjusted  from  0-720  min. 
and  the  on  time  can  be  adjusted  from  0-45  sec.  The  resistor  (A)  must  be  chosen 
so  that  the  NPN  transistor  will  be  saturated  when  the  7404  Hex  invertor  is  on. 

The  tubing  from  the  reservoir  bottle  is  placed  in  a  metal  clamp  that  is  held 
closed  by  a  spring.  The  spring-loaded  clamp  is  opened  by  a  solenoid  (24V,  50-60 
cycle;  Sporlan  Valve  Co.,  St.  Louis,  MO)  which  is  activated  by  a  timer  and  a  22 
ga  needle  becomes  the  controlling  orifice;  thus  2  or  more  growth  chambers  can 
be  controlled  by  the  same  timer. 
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The  harvesting  and  seeding  apparatus  (Fig.  1)  is  a  250  ml  pyrex  separatory 
funnel  with  2  modifications,  a  male  ground  glass  connector  for  attachment  to  the 
growth  chamber,  and  a  side  spout  for  collecting  samples  of  medium  and  harvested 
cells.  Sampling  is  accomplished  by  aspirating  the  medium  into  the  harvesting  and 
seeding  apparatus,  after  which  the  sample  can  be  collected  through  the  side  spout. 
This  procedure  was  performed  approximately  every  12  hr  to  check  the  pH  of  the 
growth  medium. 

The  gas  inlet  system  provided  the  proper  air  and  CO2  atmosphere  in  the  growth 
chambers  (Fig.  1).  The  flow  of  air  and  CO2  into  the  growth  chamber  was  controlled 
by  flow  meters  (Model  620BBV,  tubes  201-4333,  201-4334,  and  201-4335; 
Union  Carbide  Corp.,  Linde  Div.,  270  Park  Avenue,  New  York,  NY).  The  air  and 
CO2  mixture  flows  from  the  flow  meter  through  a  sterile  glass  filter  and  then 
bubbles  through  37  C  distilled  water  to  prevent  evaporation  of  the  culture  medium 
in  the  growth  chamber. 

The  growth  chamber  is  a  1 .5  C  Corning  glass  (65  x  500  mm)  tube  with  2  open¬ 
ings  (Fig.  1).  The  side  opening  is  for  the  glass  pump  which  is  connected  to  the 
pumping  system  with  latex  tubing.  The  bottom  opening  of  the  growth  chambers 
leads  to  the  drainage  system.  The  top  of  the  growth  chamber  is  sealed  with  a 
rubber  stopper  with  a  gas  vent  and  3  connectors,  the  gas  inlet  connector,  ground 
glass  connector,  and  the  perfusion  connector.  Three  thousand  pyrex  glass  beads 
5-6  mm  dia  were  placed  in  the  growth  chambers  for  all  experiments,  but  the 
chambers  can  hold  up  to  9000  beads  without  modification. 

Spent  medium  from  the  growth  chamber  is  collected  in  a  2-C  drainage  flask 
(Fig.  1).  The  flask  is  connected  to  the  drainage  tube  of  the  growth  chamber  by 
latex  tubing.  Medium  drains  from  the  chamber  into  the  flask  by  gravity  and  the 
flow  is  regulated  by  the  medium  level  within  the  growth  chamber. 

Medium  and  Cell  Line  Used 

Baby  hamster  kidney  cells.  Clone  13,  (BHK-21/13)  were  used  for  all  experi¬ 
ments.  The  BHK-21/13  cell  strain,  originally  isolated  by  Stoker  and  Macpherson 
(1964)  was  furnished  by  Southwest  Research  Foundation,  San  Antonio,  Texas. 
The  cells  were  ascertained  free  of  mycoplasma  by  the  method  of  Hayflick  (1965). 
The  BHK-21/13  cell  line  was  used  in  all  experiments  and  was  grown  in  Eagles 
Minimum  Essential  Medium  (EMEM)  supplemented  with  10%  fetal  calf  serum, 
1%  antibiotics,  10%  tryptose -phosphate  broth,  and  0.13%  NaHCOs . 

Seeding  Proeedure 

Cells  were  seeded  into  a  growth  chamber  by  connecting  a  seed  bottle  (Eig.  1) 
to  the  harvesting  and  seeding  apparatus  with  a  seed  connector.  Ten  million  baby 
hamster  kidney  cells  (BHK-21/13)  in  140  ml  of  EMEM,  which  was  the  cell/volume 
ratio  used  in  8  oz  bottles,  were  pipetted  into  the  mass  culture  system.  After 
attachment  of  the  seed  bottle  to  the  harvesting  and  seeding  apparatus,  air  was 
forced  into  the  seed  bottle  through  a  glass  wool  filter,  which  forced  the  cell  sus¬ 
pension  into  the  growth  chamber  by  way  of  the  harvesting  and  seeding  apparatus. 
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The  pumping  system  was  then  started  and  allowed  to  pump  12  ml/min  for  5  min, 
to  distribute  the  cells  throughout  the  beads.  The  cells  were  incubated  for  6  hrs 
without  circulation  allowing  them  to  attach  to  the  glass  beads.  After  6  hrs,  the 
pumping  system  was  reset  to  pump  12  ml/min.  All  growth  chambers  were  incu¬ 
bated  in  water  baths  to  maintain  a  temperature  of  37  C  inside  the  chambers. 

Growth  Conditions 

A  5%  CO2  (1.06  C/hr)  and  95%  air  (20.165  C/hr)  atmosphere  was  circulated 
through  the  growth  chambers  by  way  of  the  gas  inlet  system  (Fig.  1).  The  per¬ 
fusion  rate  was  adjusted  to  regulate  the  flow  of  medium  from  the  reservoir  bottle 
so  that  an  approximate  pH  of  7 .2  was  maintained  which  was  the  pH  of  the  medium 
in  8  oz  bottles  in  the  CO2  incubator. 

Harvesting  Procedure 

The  EMEM  was  drained  from  the  growth  chamber  and  120  ml  of  Pucks  saline 
added  by  way  of  the  harvesting  and  seeding  apparatus.  After  5  min,  the  Pucks 
saline  was  drained  into  the  drainage  bottle  and  120  ml  of  Alsevers  Trypsin  Versene 
(ATV)  solution,  0.25%  trypsin  and  0.74%  versene,  were  added  through  the  per¬ 
fusion  connector  on  the  growth  chamber.  The  ATV  was  allowed  to  incubate  for 
15  min  and  then  air  was  forced  through  the  air  connector  on  the  harvesting  and 
seeding  apparatus.  This  procedure  bubbled  the  ATV  mixture  to  aid  in  the  removal 
of  cells  from  the  glass  beads.  The  ATV  cell  suspension  was  then  aspirated  with 
vacuum  into  the  harvesting  and  seeding  apparatus  and  collected  from  the  side 
spout.  Afterwards,  120  ml  of  EMEM  supplemented  with  10%  fetal  calf  serum 
was  added  to  the  growth  chambers  through  the  perfusion  system.  The  EMEM 
was  triturated  3  times  with  the  vacuum  and  air  connectors  and  collected  from 
the  side  spout.  This  trituration  procedure  helped  remove  cells  and  reduced  the 
amount  of  clumping.  The  above  procedure  was  repeated  twice  more  and  total  cell 
counts  determined  from  the  3  harvests.  Cells  were  stained  with  a  0.1%  crystal 
violet  solution  and  counted  with  a  Neubauer  hemocytometer.  Cellular  viability 
was  tested  by  seeding  10^  harvested  cells  into  an  8  oz  bottle  with  14  ml  of  fresh 
EMEM.  The  bottles  were  placed  in  a  5%  CO2  and  95%  air  atmosphere  in  a  CO2 
incubator  at  37  C  until  the  cells  grew  to  confluency. 

Growth  Curves 

Growth  curves  were  established  for  BHK-2 1/13  cells  grov/n  in  8  oz  pharmaceu¬ 
tical  bottles  and  in  the  mass  culture  system.  Previous  experiments  in  this  labora¬ 
tory  have  shown  that  the  optimal  seed  of  BHK-2 1/1 3  cells  in  8  oz  bottles  was 
10^  cells  in  14  ml  of  EMEM.  Therefore,  10^  BHK-2 1/1 3  cells,  from  the  same  cell 
suspension  were  seeded  into  each  of  fifteen  8  oz  bottles  and  EMEM  added  to  a 
total  volume  of  14  ml.  The  15  bottles  were  then  placed  at  37  C  in  a  CO2  incubator 
which  maintains  an  atmosphere  of  5%  CO2  and  95%  air  and  the  medium  was  never 
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changed.  At  various  time  periods  12,  24,  48,  72,96  hrs, bottles  were  harvested. 
The  average  cell  count  and  the  standard  deviation  were  determined  and  plotted 
against  time. 

Ten  million  BHK-21/13  cells  in  a  total  volume  of  140  ml  of  EMEM  were 
added  to  28  growth  chambers.  The  growth  chambers  were  incubated  in  a  water 
bath  at  37  C  in  a  5%  CO2  and  95%  air  atmosphere.  After  growth  periods  of  1 , 2, 
3,  5, 7, 8,  and  9  days,  4  chambers  were  harvested  and  cell  counts  determined  with 
a  Neubauer  hemocytometer.  Afterwards,  an  average  cell  count  and  the  standard 
deviation  were  determined  and  plotted  against  time. 

RESULTS 

Total  Volume  of  EMEM  Used 

The  volume  of  medium  in  the  growth  chamber  was  140  ml  and  the  perfusion 
volume  increased  with  time  as  shown  in  Table  1 .  The  growth  medium  in  the  mass 
culture  system  was  completely  circulated  every  12  min  without  the  formation 
of  foam. 


TABLE  1 

The  Results  of  Growing  BHK-21/13  Cells  in  the  Mass  Culture  System 


Growth 

Interval^ 

2 

Perfusion  Rate 
Volume  (ml) 

Cells 

Harvested^ 

Total 

Cell  Increase' 

1 

0 

1.60  X  lO”^  (±0.20) 

1.64x 

2 

0 

5.30  X  10^  (±0.23) 

5.30x 

3 

200 

1.10  X  10®  (±0.20) 

11.20X 

5 

460 

2.50  X  10®  (±0.30) 

24.50X 

7 

1060 

1.20  X  10®  (±0.40) 

12.30X 

8 

1260 

7.70  X  10^  (±0.20) 

7.69x 

9 

1460 

1.07  X  10®  (±0.50) 

10.70X 

^  The  growth  interval  is  the  number  of  days  the  cells  were  allowed  to  grow  in  the  mass  culture 
system. 

2 

The  perfusion  rate  is  the  volume  of  EMEM  that  was  perfused  to  maintain  a  pH  of  7.2  (±0.2) 
within  the  growth  chamber. 

^The  cells  harvested  was  an  average  of  4  harvests  and  the  standard  deviation  was  calculated. 
The  total  cell  increase  is  a  ratio  of  the  cells  harvested  to  the  number  of  cells  seeded  into  the 
growth  chamber. 

Efficiency  of  Harvesting 

Approximately  49.8%  (±  17.94)  of  the  total  cells  harvested  from  each  cham¬ 
ber  were  collected  on  the  1st  ATV  treatment,  35.1%  (±1 1 .35)  on  the  2nd  treat¬ 
ment,  and  15.5%  (±  9.48)  on  the  3rd  treatment.  Table  1  shows  the  growth  inter¬ 
val,  perfusion  rate,  number  of  cells  harvested  and  total  cell  increase.  The  greatest 
cell  increase  was  after  5  days,  which  was  a  24.5  fold  increase  and  required  only 
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460  ml  of  growth  medium.  Harvested  cells  from  the  growth  chambers  were  re¬ 
usable  since  they  grew  to  confluency  in  8  oz  bottles.  The  seeding  efficiency  was 
68%  compared  to  the  seeding  efficiency  of  87%  in  8  oz  bottles. 

Growth  Curves 

Growth  curves  were  established  for  BHK-21/13  cells  grown  in  8  oz  bottles 
and  BHK-21/13  cells  grown  in  the  mass  culture  system  (Figs.  3,  4).  Each  point 
on  the  growth  curve  for  8  oz  bottles  represents  the  average  count  from  3  bottles 
and  each  point  in  the  growth  curve  for  the  mass  culture  system  represents  the 
average  count  from  4  growth  chambers.  The  generation  times  were  calculated  to 
be  17.92  hr/generation  in  the  8  oz  bottles  and  16.09  hr/generation  in  the  mass 
culture  system. 


- 1 - 1 - 1 - 1 - 1 - 1 - 1  r 

0  12  24  36  48  60  72  84  96 


TIME  IN  HOURS 

Ligure  3.  A  growth  curve  of  BHK-2 1/1 3  cells  grown  in  8  oz  bottles.  The  generation  time 
was  17.92  hrs/generation.  Cell  counts  are  shown  as  log2.  Each  point  on  the 
curve  represents  an  average  cell  count  of  3  bottles.  The  standard  deviation  was 
calculated  and  is  shown  with  each  point. 

DISCUSSION 

The  volume  of  medium  used  by  the  mass  culture  system  depended  upon  the 
perfusion  rate  and  time.  The  perfusion  rate  was  adjusted  to  maintain  a  pH  of 
7.2  (±  0.2)  and  in  all  cases  increased  with  time.  This  was  consistent  with  the  work 
of  Kruse  and  Miedema  (1965a,  1965b)and  Kruse, <7/.,  (1970)  which  also  showed 
progressive  decrease  in  pH  as  the  incubation  time  increased. 

The  pumping  system  developed  in  this  study  is  efficient  and  has  advantages 
over  other  pumping  systems  used  in  mass  culture  systems.  The  polystaltic  pump 
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Eigure  4.  A  growth  curve  of  BHK-21/13  cells  grown  in  the  mass  culture  system.  The 
generation  time  was  16.09  hrs/generation.  Cell  counts  are  shown  as  log2.  Each 
point  on  the  curve  is  the  average  cell  counts  from  4  growth  chambers.  The 
standard  deviation  was  calculated  and  is  shown  with  each  point. 

described  by  Wohler,  et  al ,  (1972)  requires  tubing  which  must  be  replaced  after 
a  certain  period  of  time.  The  air  lift  pump,  used  by  Weiss  and  Schleicher  (1968) 
and  House,  et  al. ,  (1972),  requires  the  addition  of  antifoaming  chemicals  to  the 
growth  medium.  The  pumping  system  of  this  study  does  not  require  antifoaming 
chemicals  nor  the  replacement  of  tubing.  The  disposable  3  cc  syringe  can  be  re¬ 
placed  without  risk  of  contamination  to  the  mass  culture  system.  The  pumping 
system  can  also  service  up  to  6  growth  chambers  at  one  time. 

The  sterile  connectors  make  possible  the  operation  of  the  mass  culture  system 
in  a  non-sterile  environment.  Media  and  cells  can  be  added  without  contamination. 

The  mass  culture  system  of  this  study  has  a  harvesting  apparatus  which  agitates 
cells  and  enhances  the  removal  of  cells  from  glass  surfaces.  This  is  an  advantage 
over  other  mass  culture  systems  which  do  not  have  a  harvesting  apparatus  to  aid 
in  the  removal  of  cells  from  the  glass  surfaces. 

Three  thousand  glass  beads  (5-6  mm),  with  an  available  area  of  2845  cm^  were 
used  in  this  study  (assuming  maximum  packing,  each  bead  was  touched  by  12 
others).  The  mass  culture  system  has  a  capacity  of  9000  glass  beads  with  a  surface 
area  of  8534  cm^ . 

The  available  surface  area  on  the  glass  beads  in  a  certain  volume  with  maximum 
packing  is  represented  with  Equation  1.  This  equation  does  not  consider  the  sur¬ 
face  area  of  the  container. 
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c;  _  ttV  (r-Sd)  ^ 

~r 

TT  =  Pi 

S  =  surface  area  of  glass  beads 
V  =  volume  which  containes  the  glass  beads 
r  =  radius  of  glass  beads 
d  =  thickness  of  the  cells 

By  taking  the  1st  derivative  of  Equation  1  and  setting  it  equal  to  0,the  maximum 
surface  (S)  is  when  r  =  6d .  The  calculated  theoretical  optimal  bead  size  is  extremely 
small  and  is  dependent  upon  the  thickness  of  the  cells.  Since  the  volume  of  medium 
between  beads  becomes  less  as  the  diameter  of  the  beads  decrease,  one  could  as¬ 
sume  that  the  real  limiting  factor  for  the  mass  culture  system  would  be  the  per¬ 
fusion  rate  of  fresh  medium. 

There  was  little  difference  between  the  rate  of  growth  of  BHK-21/13  cells 
grown  in  bottles  and  BHK-2 1/13  cells  grown  in  the  Texas  A&I  mass  culture  system 
(Figs.  3,  4).  The  calculated  generation  time  indicated  that  the  conditions  for 
growth  in  bottles  and  the  mass  culture  system  were  similar. 

In  conclusion,  the  mass  culture  system  of  this  study  is  efficient,  easy  to  operate , 
and  capable  of  producing  large  quantities  of  cells.  Seeding  and  harvesting  cells  is 
simple  and  fast  with  good  recovery.  Cells  can  be  transferred  into  bottles  of  other 
growth  chambers  by  collecting  cells  from  the  side  spout  or  by  removing  the  har¬ 
vesting  and  seeding  apparatus.  The  pumping  system  does  not  require  periodic 
replacement  of  tubing  or  the  addition  of  antifoaming  chemicals  to  the  growth 
medium.  The  pumping  system  developed  in  this  mass  culture  system  has  advan¬ 
tages  over  other  pumping  systems  used  in  other  mass  culture  systems.  The  poly- 
staltic  pump  described  by  Wohler,  er  of/.,  (1972)  and  McCoy,  ,(1962)  requires 
tubing  which  must  be  replaced  after  a  certain  period  of  time.  The  air  lift  pump, 
used  by  Weiss  and  Schleicher  (1968)  and  House,  et  al ,  (1972),  requires  the  addi¬ 
tion  of  antifoaming  chemicals  to  the  growth  medium.  The  pumping  system  of 
this  study  does  not  require  antifoaming  chemicals  nor  the  replacement  of  tubing. 

Growth  curves  have  been  presented  as  a  basis  for  evaluation.  A  pH  controller 
is  now  being  adapted  to  the  mass  culture  system  which  will  provide  for  the  auto¬ 
matic  control  of  the  perfusion  and  a  continuous  record  of  the  pH. 
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NUMERICAL  SOLUTIONS  OF  LOTKA  -  VOLTERRA  EQUATIONS 
WITH  STOCHASTIC  APPROXIMATIONS 
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ABSTRACT 

The  host-parasite  (or  predator-prey)  interaction  between  2  species  is  mathematically 
described  by  Lotka  and  Volterra  in  a  deterministic  manner  and  is  cited  in  the  literature  as 
Lotka-Volterra  equations.  The  same  equations  are  considered  in  this  paper  with  stochastic 
flavor  which  adds  a  great  deal  of  realism  to  the  model  and  represents  the  biological  phenome¬ 
non  more  closely.  The  numerical  solutions  obtained  by  this  stochastic  version  are  shown  to 
be  consistent  with  the  published  experimental  data. 

INTRODUCTION 

The  pioneering  mathematical  models  describing  the  ecological  dynamics  were 
given  by  Lotka  (1925)  and  Volterra  (1931).  They  have  mathematically  described 
the  act  of  parasitism  in  the  form  of  differential  equations  in  a  deterministic  man¬ 
ner.  Some  authors  (Chiang,  1954;  Holling,  1959)  in  their  discussions  claim  that 
the  equations  presented  by  Lotka  and  Volterra  represent  the  predator-prey  system 
and  others  (Odum,  1953;  Holling,  1959)  argue  that  it  is  really  a  host-parasite 
interaction  system.  Even  though  parasitism  and  predation  are  entirely  different 
biological  phenomena,  mathematically  they  can  be  described  in  the  same  form. 
The  conclusions  derived  are  applicable  to  both  parasitism  and  predation.  In  this 
paper,  the  biological  phenomenon  is  referred  to  as  parasitism  and  host -parasite 
interaction. 

The  deterministic  model  yields  a  solution,  in  which  the  populations  oscillate 
around  an  equilibrium  point.  However,  the  deterministic  solution  removes  all 
elements  of  chance  from  the  model.  Given  the  parameter  values,  one  can  predict 
the  equilibrium  population  sizes  which  will  be  attained  independent  of  the  initial 
sizes.  It  was  also  noted  that  a  stable  equilibrium  is  possible  where  competing 
species  would  coexist  indefinitely.  The  latter  possibility,  however,  is  in  conflict 
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with  the  well-known  competition-exclusion  principle  of  ecology.  DeBach  (1966) 
states  the  competition  exclusion  principle  as;  “Different  species  which  coexist 
indefinitely  in  the  same  habitat  must  have  different  ecological  niches;  that  is, 
they  must  not  be  ecological  homologues.”  Pielou  (1969)  suggests  that  the  math¬ 
ematics  indicates  that  this  principle  may  not  hold  and  indeed  that  no  proof  of 
the  principle  will  ever  be  had. 

The  addition  of  stochastic  fluctuation,  however,  affords  a  solution  to  the  prob¬ 
lem.  The  ultimate  extinction  of  one  of  the  species  is  certain,  i.e.,  eventually  through 
random  fluctuations  one  of  the  populations  will  attain  size  zero  from  which  it  can¬ 
not  recover.  The  same  principle  also  holds  good  for  the  surviving  population,  al¬ 
though  it  is  likely  to  survive  for  longer  periods  of  time.  Thus  the  competition  ex¬ 
clusion  principle  (DeBach,  1966)  holds  in  a  stochastic  model.  Another  advantage 
of  the  stochastic  model  is  that  it  gives  probability  statements  about  the  actual 
occurrence  of  various  cases.  This  model  specifies  the  complete  joint  probability 
distribution  of  the  number  of  different  kinds  of  individuals  at  §ach  point  in  time. 
This  model  is  more  realistic  since  it  demonstrates  the  variability  inherent  in  the 
real  biological  systems.  For  this  stochastic  model,  no  explicit  solutions  exist  even 
for  the  means  and  variances,  but  certain  approximation  techniques  are  available 
which  enable  one  to  roughly  describe  their  behavior.  In  this  paper  the  approx¬ 
imations  suggested  by  Bailey  (1964)  are  applied  to  obtain  the  means  and  variances 
of  the  populations. 

FORMULATION  OF  THE  MODEL 

The  differential  equations  given  by  Lotka  and  Volterra  describing  the  host- 
parasite  system  in  the  deterministic  case  are 

=  {X,  -A(,X2(t)}X,(t)  (1) 


=  {X2X,(t)-pj}X2(t)  (2) 


the  number  of  the  host  species  present  at  time  ‘t’, 
the  number  of  the  parasite  species  present  at  time  ‘t’, 
the  net  growth  of  the  host  species  in  the  absence  of  parasites, 
the  diminishing  rate  of  the  host  species  due  to  parasitism, 
the  growth  rate  of  parasites, 

the  diminishing  rate  of  parasites  by  death,  and  Xi ,  X2,iUi , 

li2  >  0. 


dXi(t) 

dt 

and 

dX2(t) 

dt 

where 

Xi(t)  = 
X2(t)  = 
Xi  = 

Ml 

X2  = 

M2 
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The  steady  state  solution  for  the  above  system  of  equations  is 

-JJ.2  In  Xi  +  X2X1  -  Xi  In  X2  +  /ii^2  “  c-  (3) 

This  solution  represents  a  different  curve  for  different  values  of  ‘c’,  a  constant 
of  integration,  and  this  constant  can  be  determined  from  the  initial  conditions. 
Any  population  satisfying  equation  3  will  continue  to  follow  a  cyclical  path  on 
which  it  starts  in  an  anticlockwise  direction.  The  process  for  a  particular  value  of 
‘c’  and  for  a  given  set  of  parameter  values  is  shown  in  Fig.  1 .  The  population  levels 
on  the  time  axis  are  shown  in  Fig.  2.  The  values  of  the  parameters  used  in  this 
examples  are  jUi  =  0A,jd2  =  0-5 ,  Xi  =  1.0,  X2  =  0.02,  Xj (0)  =100,  and  X2(0)  =10. 


Figure  1.  Host  population  parasite  population  in  deterministic  situation. 

The  same  equations  given  by  Lotka  and  Volterra  can  be  considered  for  a  sto¬ 
chastic  version  of  the  model  with  the  terms  being  defined  in  a  probabilistic  man¬ 
ner.  Let  the  population  level  of  the  hosts  and  parasites  at  time  ‘t’  be  represented 
by  the  random  variables  Xj  (t)  and  X2  (t)  respectively.  Then,  the  chance  of  a  birth 
in  the  host  population  in  a  small  interval  of  time  At  is  XiX^At,  and  the  chance  of 
a  death  is  jj.iXiX2^t.  The  corresponding  quantities  for  the  parasite  population 
are  X2XiX2Atand  /i2X2 At.  Using  the  “random  variable  technique”  (Bailey,  1964), 
the  partial  differential  equation  for  the  moment-generating  function  appropriate 
to  this  stochastic  model  can  be  written  as 
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aM  =  Xi(e^i  -  1)  aM  +jUi(e’^^  -  1) 

at  a^i  b6idd2 

+  X2(e®^  -  1)  9'M  +  /J2(e-^2  .  i)9m  ^4^ 

301  302  902 

where  M  =  M  (0i ,  02 , 0  is  the  moment-generating  function  of  Xi(t)  and  X2(t) 
(01  and  02  are  dummy  variables  which  characterize  the  moment-generating  func¬ 
tion).  This  is  a  second-order  partial-differential  equation  for  which  an  explicit 
solution  cannot  be  obtained.  Now,  consider  the  transformation 

In  M  =  K  or  M  =  e^’  (5) 


where  K  =  K(0i ,  02 ,  t)  is  the  cumulant-generating  function  of  Xi(t)  and  X2(t). 
Then  the  partial  differential  equation  for  the  moment-generating  function  (equ¬ 
ation  4)  can  be  transformed  to  the  partial  differential  equation  for  the  cumulant- 
generating  function.  The  partial  derivatives  are  then  transformed  to 


and 


3M 

=  .K3K 

3t 

3t 

3M 

=  eK9K 

301 

301 

3M 

=  .K3K 

302 

302 

3^M 

30190; 


30i302 


+ ,K  9K  3K  . 
301  302 


(6) 

(7) 

(8) 


(9) 


Thus,  the  transformed  partial  differential  equation  for  the  cumulant-generating 
function  can  be  written  as 


3k 

3t 

+  X2 


3^K 


3K 

3K  ) 

301 

302} 

+  1U2  )  e-"2-l 


3K 

3K  'I 

301 

902) 

'-i 

3K 

f 

302 

(10) 


SOLUTIONS  OF  LOTKA  -  VOLTERRA  EQUATIONS 


79 


Figure  2.  Host  and  parasite  population  on  time  base  in  deterministic  situation. 

Bailey  (1964)  suggests  a  stochastic  approximation  technique  to  solve  non¬ 
linear  equations  of  above  type.  The  general  form  for  cumulant-generating  function 
can  be  represented  in  terms  of  power  series  as 

K(0,,02)  =  Z  Z  (11) 

r  =  0s  =  0  r!s! 

Expanding  this  function  and  neglecting  all  the  joint  cumulants  of  order  higher 
than  2,  we  get 

K(0.,0j)=K,o0i  +K2o|i+Ko,02  +K,,e,02  +Ko2  ^  (12) 

+  higher  order  terms, 


from  which 


aic  


/9  9Kio  +  ^1  ^1^20  +  3Koi  +  f)  aKi  1  ^Ol  aKo2 

at  2!  at  at  at  2!  at 


at 


at 
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OK 

after  neglecting  higher  order  terms.  Now,  we  have  2  equations  of  (10  and  13) 

3t 

in  which  the  coefficients  of  6 1 ,6]  ,62,  and  6 162,  could  be  compared  to  give  ex¬ 
plicit  equations  in  terms  of  the  unknown  cumulants  of  interest  Ki  0 ,  Kq  1 ,  K2  0 , 
and  Ko2,  and  Ki  1.  This  algebra  yields  the  5  simultaneous  equations  in  5  un¬ 
knowns 


aKio 

-  Xi  Ki  0  -  Ml  (Ki  1  +  Ko  iKi  0), 

(14) 

9t 

9K20 

=  2X1 K20  +  X1K10  +  /ii("-2Ki  oKi  1  • 

+  Ki  1  +  Ko  1  Ki  0), 

-2K20K0. 

at 

(15) 

aKoi 

=  X2K1 1  +  X2K0 1  Ki  0  -  /i2  Ko  1 , 

(16) 

at 

aKo2 

at 

=  2X2KioKo2  +2X2K11K01  =X2Ki 

1  +  X2K0 1  Ki  0 

-  2/12  Ko  2  M2K0  1  • 

(17) 

and 


1ElL  =  X,K.,  -M.K.0K02  -MiKmKo,  +X2K.0K.. 
ot 

+  X2K01K20  -iU2Kii.  (1^) 

A  closed  form  solution  for  the  simultaneous  equations  14  through  18  is  very 
hard  to  obtain.  Therefore,  Runge-Kutta  fourth-order  numerical  methods  (Conte, 
1965)  are  used  to  obtain  the  solution.  The  values  Ki  0  and  Kqi  give  the  mean 
population  levels  of  hosts  and  parasites,  K20  and  K02  give  the  variances  of  the 
population  levels,  and  Ki  1  gives  the  covariance  of  the  populations.  The  means  of 
the  host  and  parasite  populations  are  shown  in  Fig.  3,  and  the  variances  of  the 
populations  are  shown  in  Fig.  4.  It  is  observed  from  Fig.  3  that  the  host  popula¬ 
tion  dies  out  after  a  few  cycles,  in  contrast  to  the  deterministic  solution  where 
the  populations  simply  oscillate  about  the  equilibrium  point  and  do  not  extinguish. 

CONCLUSIONS 

The  distinction  between  deterministic  and  stochastic  modeling  of  the  ecological 
phenomenon,  namely,  parasitism  is  exposed  in  this  paper.  Deterministic  models 
are  generally  easy  to  solve  and  stochastic  models  are  tedious  to  handle  and  often 
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Figure  3.  Mean  number  of  hosts  and  parasites  in  stochastic  situation. 


require  approximations,  numerical  techniques  or  simulation.  However,  stochastic 
fluctuations  add  a  great  deal  of  realism  to  the  model.  It  suffices  to  explain  the 
sizeable  random  fluctuations  which  are  present  in  any  realization.  As  an  example, 
the  experiments  of  Park  (1954,  1957)  conducted  on  competition  involving  2 
populations  of  flour  beetles,  Tribolium  confusum  and  T.  casteneum  indicate 
that  stable  equilibrium  was  unattainable  and  one  of  the  other  species  was  always 
the  sole  survivor.  The  stochastic  treatment  of  the  ecological  phenomena  has  great 
appeal  theoretically,  both  ecologically  and  mathematically.  However,  it  does  not 
provide  an  intricate  mechanism  related  to  the  mechanics  of  births,  deaths,  compe¬ 
tition,  and  density  dependency;  and  any  such  additional  detailed  information 
could  lead  to  improved  casual  models. 

The  example  considered  in  this  article  is  fairly  simple.  For  any  complicated 
mechanism,  the  solution  procedure  laid  out  may  be  very  cumbersome  and  even 
infeasible.  An  alternate  route  for  such  complex  phenomena  is  to  simulate  the 
process.  Given  the  parameter  values,  the  computer  can  generate  a  realization  of 
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Figure  4.  Variance  of  number  of  hosts  and  parasites  in  stochastic  situation. 

the  process  very  rapidly.  The  process  is  repeated  a  great  number  of  times,  where¬ 
by  the  behavior  of  the  competing  populations  may  be  quantified  into  a  probability 
distribution,  within  any  desired  degree  of  accuracy. 
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ABSTRACT 


Extensive  collections  from  56  lotic  and  14  lentic  sampling  stations  in  the  Guadalupe 
River  Basin  of  central  Texas  yielded  44  species  of  dragonfly  nymphs.  Reliable  published 
reports  of  an  additional  17  species  previously  reported  for  that  river  basin  were  located. 
Utilizing  the  collections  from  the  current  study,  along  with  specimens  and  descriptions  from 
earlier  collections,  a  key  to  the  61  species  of  dragonfly  nymphs  known  to  occur  in  the  Guad¬ 
alupe  River  Basin  is  presented.  The  nymph  of  Dythemis  nigrescens  Calvert,  previously  pub¬ 
lished  unidentified,  is  described. 


The  Dragonfly  Nymphs  (Odonata:  Anisoptera)  of  the  Guadalupe  River  Basin,  Texas 

Recent  ecological  studies  in  the  Guadalupe  River  Basin  of  Central  Texas  have 
revealed  a  paucity  of  taxonomic  information  on  the  aquatic  stages  of  the  dragon¬ 
flies  (Odonata:  Anisoptera)  of  the  area.  This  is  a  reflection  of  the  over-all  lack 
of  knowledge  of  the  taxonomy  of  aquatic  insects  in  the  basin  that  has  hampered 
ecological  studies.  The  only  reports  of  consequence  on  the  nymphs  of  Odonata 
in  the  basin  have  been  done  by  the  Academy  of  Natural  Sciences  of  Philadelphia 
(1949,  1963),  Roback  and  Westfall  (1967)  and  Kennedy  (1921).  All  of  these 
reports  were  for  collections  made  at  only  a  few  sites  in  the  lower  400-km  stretch 
of  the  Guadalupe  River  and  little  data  exist  on  the  Odonata  of  the  upper  part  of 
the  river  or  of  most  of  its  tributaries.  The  purpose  of  this  study  was  to  prepare 
a  much  needed  key  to  the  dragonfly  nymphs  of  the  Guadalupe  River  Basin  and 
to  describe  previously  undescribed  nymphs. 

Accepted  for  publication:  July  11,  1977. 

The  Texas  Journal  of  Science,  Vol.  XXXI,  No.  1,  March,  1979. 
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LOCATION 

The  Guadalupe  River  Basin  is  located  in  South  Central  Texas  (Fig.  1).  The 
Guadalupe  River  originates  in  the  Edwards  Plateau  at  an  elevation  of  610  m  in 
the  western  portion  of  Kerr  County  where  it  is  fed  by  several  large  springs.  The 
base  flow  in  the  upper  reach  is  due  entirely  to  ground  water  effluent  from  Ed¬ 
wards  Limestone  and  associated  limestones.  Numerous  small,  spring-fed  streams 
feed  the  river  throughout  its  course  in  the  Edwards  Plateau.  Canyon  Reservoir, 
at  present  the  only  large  body  of  water  in  the  basin,  is  located  about  37  km  up¬ 
stream  from  the  edge  of  the  Plateau. 


Figure  1.  Collecting  sites  in  Guadalupe  River  Basin.  •  denotes  lotic  habitats,  o  denotes 
lentic  habitats.  Inset  shows  the  location  of  the  Guadalupe  River  Basin. 

Blair  (1950)  designated  the  Edwards  Plateau  as  a  distinct  biotic  province,  the 
Balconian,  with  a  scrub  forest  climax  vegetation  of  Junipems  ashei  (Mexican 
juniper),  Quercus  shumardi  var;  texam  (Texas  oak),  and  Q.  virginiana  (live  oak). 
In  the  flood  plains  the  trees  are  larger  Ulmus  crassifolia  (elm),  Carya  illinoensis 
(pecan),  Celtis  laevigata  (hackberry),  and  Q.  virginiana.  The  streams  themselves 
are  often  lined  with  large  Taxodium  distichum  (bald  cypress)  whose  roots  ex¬ 
tend  into  the  water.  The  climate  ranges  from  dry,  sub-humid  in  the  east  to  semi- 
arid  in  the  western  reaches  of  the  province  (Blair,  1950). 

The  shallow  rocky  soil  of  the  Edwards  Plateau  is  mostly  unsuitable  for  farm¬ 
ing,  except  in  the  flood  plains  where  a  deeper  soil  may  occur,  and  the  principle 
land  usage  is  for  ranching  and  recreational  purposes.  Streams  in  the  region  are 
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typically  shallow,  swift  and  rocky  with  long  riffles  and  short  pools.  The  Edwards 
Plateau  ends  at  the  Balcones  Fault  Zone  which  passes  through  the  basin  on  a  general 
northeast  line  passing  through  the  cities  of  New  Braunfels  and  San  Marcos  (Fig.  1). 

From  the  Balcones  Fault  Zone  to  the  Gulf  ofMexico,the  basin  is  characterized 
by  a  rolling -to -flat  topography  with  clay,  loam,  and  sandy  soils.  The  tributaries 
in  this  lower  reach  of  the  basin  are  very  dependent  on  rainwater  runoff  for  their 
flow,  with  the  exception  of  the  Comal  and  San  Marcos  Rivers.  These  2  streams 
are  fed  by  springs,  2  of  the  largest  in  Texas,  which  issue  forth  from  the  Balcones 
Fault  in  the  cities  of  New  Braunfels  and  San  Marcos  respectively  (Kuehne,  1955). 
Both  of  the  rivers  empty  into  the  Guadalupe  River,  the  Comal  River  in  New 
Braunfels  and  the  San  Marcos  River  just  above  Gonzales.  Streams  of  this  region 
are  characterized  by  long  pools  separated  by  short,  gravelly  riffles  except  that 
the  substrates  of  the  small  streams  of  the  coastal  plain  are  nearly  all  sand  with 
very  few  gravelly  riffles.  Sand  bars  are  also  found  in  the  Guadalupe  River  in  the 
coastal  plain. 

East  of  the  Balcones  Fault,  the  Guadalupe  River  Basin  is  in  the  Texas  Biotic 
Province  where  the  climax  plant  association  is  an  oak -hickory  forest  comprised 
of  Q.  stellata  (post  oak),  Q.  marilandica  (blackjack  oak),  and  Carya  texana  (hickory). 
The  flood  plains  have  vegetation  similar  to  that  of  the  flood  plains  in  the  Bal- 
conian  Province .  The  climate  has  been  described  as  moist,  sub -humic  (Blair,  1950). 
The  Texas  Biotic  Province  is  extensively  cultivated  and  has  several  oil  and  gas 
fields  which  are  likely  sources  of  pollution  to  the  streams. 

A  total  of  56  sampling  stations  were  located  in  streams  and  an  additional  14 
in  lentic  habitats  (Fig.  1)  of  the  Guadalupe  River  Basin.  These  sampling  sites 
were  chosen  throughout  the  Basin  in  an  attempt  to  give  adequate  representation 
to  all  localities.  All  recognizable  habitats  were  sampled  at  each  station,  most  of 
which  were  visited  more  than  once  at  different  seasons  during  the  sampling  period 
from  January  1973  to  June  1974. 

METHODS 

Nymphs  were  collected  with  a  dip  net,  handscreen  or  Ekman  dredge  as  the 
habitat  dictated.  They  were  preserved  in  the  field  with  90%  ethanol  and  were 
stored  in  70%  ethanol.  Live  nymphs  for  rearing  purposes  were  transported  in  jars 
with  damp  paper  toweling  provided  for  moisture  and  support.  Good  survival  of 
nymphs  was  obtained  even  after  2  days  of  transportation  from  the  field. 

At  the  lab,  live  nymphs  were  placed  in  individual  pillow  cages  made  of  window 
screen  wire  to  the  specifications  of  Needham  and  Westfall  (1955).  As  an  artificial 
stream  was  not  available,  an  outdoor  concrete  raceway  supplied  with  artesian 
well  water  at  a  temperature  of  21-22  C  was  used  to  rear  the  nymphs.  A  thick 
layer  of  the  alga  Scenedesmus  sp.  on  the  bottom  of  the  raceway  served  as  a 
habitat  for  numerous  oligochaetes,  copepods,  amphipods,  ephemeropterans  and 
other  small  invertebrates  which  passed  through  the  screen  to  supply  food  for  the 
nymphs. 
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New  imagoes  were  placed  in  small  paper  bags  for  at  least  24  hrs  then  killed, 
dried  and  stored  in  plastic  bags. 

Identification  of  adults  and  nymphs  relied  heavily  upon  keys  in  Needham  and 
Westfall  (1955)  supplemented  by  the  keys  of  Byers  (1930),  Gloyd  and  Wright 
(1959),  Musser  (1962),  Smith  and  Pritchard  (1956)  and  Walker  (1958)  and  by 
descriptions  of  particular  groups  or  species  by  various  authors  such  as  Bick(1951), 
Byers  (1936),  Needham  (1941),  Westfall  (1953, 1974),  and  Wright  (1946a,  1946b). 
Verification  of  specimens  was  done  by  Dr.MinterJ.  Westfall,  Jr.,  of  the  University 
of  Florida. 

Including  this  study,  a  total  of  61  Anisoptera  are  now  reported  for  the  Guad¬ 
alupe  River  Basin  and  51  of  these  species  are  included  in  the  following  keys.  The 
additional  10  species,  4  of  which  were  collected  during  this  study ,  representing 
6  genera  or  subgenera  are  not  keyed  to  species  because  either  the  nymphs  are  un¬ 
known,  the  present  keys  are  inadequate  for  specific  determination,  or  insufficient 
specimens  were  reared  for  character  determination.  Forty  of  the  51  species  in¬ 
cluded  in  the  key  were  found  during  the  current  study.  In  addition,  11  species 
reported  previously  from  or  near  the  Guadalupe  River  Basin  in  1  or  more  of  the 
studies  of  Kennedy  (1921),  Roback  and  Westfall  (1967),  Westfall  (1974),  and 
Williamson  (1914)  are  included.  Since  these  sources  are  considered  reliable  as 
modified  by  Westfall  (pers.  commun.),  these  11  species  are  included  in  the  key 
and  identifying  taxonomic  characters  were  derived  either  from  the  literature  or 
from  specimens  from  these  collections.  Species  and  genera  listed  in  these  studies 
but  not  collected  during  the  current  study  are  denoted  in  the  key  by  asterisks 
following  the  taxon  name.  One  species  of  Gomphus  (Gornphus)  and  one  species 
of  Gornphus  (Stylurus)  are  listed  as  unidentified. 

KEY  TO  THE  SPECIES  OF  DRAGONFLY  NYMPHS 
(ODONATA;  ANISOPTERA)  IN  THE  GUADALUPE  RIVER 


1. Prementum  of  labium  Hat  or  nearly  so .  2 

Prementum  of  labium  spoon-shaped . 3 

2.  Antennae  with  four  segments . Gomphidae .  4 

Antennae  with  six  or  seven  segments . .  .Aeshnidae  . . 20 

3.  Prominent  frontal  horn  on  anterior  margin  of  head;  abdomen  strongly  depressed . 

. Macromiidae  . . 24 

No  prominent  frontal  horn  on  head  (except  Neurocordulia  molesta),  abdomen  less  de¬ 
pressed  . . . 25 

4, Segment  10  tubular,  almost  as  long  as  the  other  abdominal  segments  combined . 

. . . . . .  Aphylla  protracta 

Segment  10  shorter  than  8  and  9  combined . .  .5 

5.  Abdominal  segment  10  slightly  longer  than  9 . Phyllogomphoides .  6 

Segment  10  distinctly  shorter  than  9 . . .  7 

6.  Dorsal  hooks  small  (esp.  3-6),  hook  on  9  low;  middorsal  length  of  segment  10  equal  to 

its  greatest  width  (Tig.  2A) . . . .  Phyllogomphoides  stigmatus 

Dorsal  hooks  large,  hook  on  9  high;  middorsal  length  of  segment  10  about  4/5  of  its 
greatest  width  (Tig.  2B) . . . .  .Phyllogomphoides  alhrighti 
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Figure  2.  A.  Lateral  view  of  abdomen  of  Gomphoides  stigmatus;  B.  Lateral  view  of  ab¬ 
domen  of  Gomphoides  albrighti;  C.  Lateral  view  of  abdomen  of  unidentified 
Gomphus  (Gomphus)  sp.;  D.  Dorsal  view  of  abdomen  of  Gomphus  (Comphus) 
militaris;  E.  Dorsal  view  of  abdomen  of  unidentified  Gomphus  (Stylurus)  sp.; 
F.  Dorsal  view  of  abdomen  of  Dromogomphus  spoliatus;G.  Dorsal  view  of  ab¬ 
domen  of  Dromogomphus  spinosus;  H.  Labium  of  Dromogomphus  spoliatus; 
I.  Labium  of  Gomphus  (Gomphus)  militaris;}.  Labium  of  unidentified  Gomphus 
(Stylurus)  sp.;  K.  Labium  of  unidentified  Gomphus  (Gomphus)  sp. 
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7. Wing  pads  strongly  divergent .  8 

Wing  pads  parallel .  9 

S.Mesocoxae  closer  together  than  procoxae;  4th  antennal  segment  about  1/4  the  length  of 

the  3rd  antennal  segment . Progomphiis  obscurus 

Procoxae  about  the  same  distance  apart  as  the  mesocoxae;  4th  antennal  segment  a  mere 

rudiment  or  nearly  so . £rpetogomphus  spp. 

{E.  designatus,  reared  and  E.  diadophis* ,  nymph  unknown) 

9. Body  very  flat;  abdomen  nearly  circular . Hagenius  brevistylus 

Body  more  cylindrical . 10 


10.  Acute  middorsal  ridge  on  abdominal  segment  9  ends  in  a  terminal  spine  (Fig.  2F  &  2G) 

. Dromogomphus . 11 

Middorsal  ridge  (if  present)  not  acute  and  terminal  spine  broad  (Fig.  2C  &  2D) . 

. Gomphus  . 12 

11.  Dorsal  hooks  present  on  abdominal  segments  3-9;  spine  on  9  long  (Fig.  2G);  palpal  lobes 

with  end  hook  projecting  beyond  teeth  (Fig.  3  A) . Dromogomphus  spinosus 

Dorsal  hooks  on  segments  7-9  with  mere  vestiges  on  5  and  6;  spine  on  9  not  long  (Fig.  2F); 
palpal  lobes  without  end  hook  (Fig.  2H) . Dromogomphus  spoliatus 

12. Tibial  burrowing  hooks  well  developed . 13 

Tibial  burrowing  hooks  vestigial;  median  groove  present  on  middle  abdominal  segments 

(Figs.  2E&  2J) . G.  (Stylurus)  spp. 

[G.  laurae*,  G.  plagiatus*,  unidentified  G.  (Stylurus)  sp.;  further  definition  of  this  group 
is  being  conducted  by  Westfall  {1911 ,  pers.  commun.)] 

13.  Abdomen  ends  in  a  long  tapering  point;  segment  10  distinctly  longer  than  wide . 

. G.  (Arigomphus) . 14 

Abdomen  ends  more  abruptly;  segment  10  wider  than  long  (or  as  wide  as  long  in  G. 
militaris) . 16 


14.  Lateral  spines  of  abdominal  segment  9  nearly  equal  to  middorsal  length  of  10 . 

. G.  (Arigomphus)  submedianus* 

Lateral  spines  of  abdominal  segment  9  not  more  than  1/2  as  long  as  10 . 15 

15.  Abdomen  with  vestigial  dorsal  hooks  on  segments  8-9;  lateral  spines  on  7  or  8-9 . 

.  j . G.  (Arigomphus)  lentulus'^ 

Abdomen  with  vestigial  hooks  on  9;  lateral  spines  present  on  9.  .  .  G.  (Arigomphus)  maxwelli* 
(Refer  to  note  with  G.  militaris.) 

16.  Abdomen  lanceolate;  segment  9  more  than  1/2  as  long  as  wide;  10  more  than  1/3  as  long 

as  wide;  no  median  groove  on  middle  segments . G.  (Gomphus) . 17 

Abdomen  wider  than  head,  ending  bluntly,  narrowed  abruptly  on  segment  9;  segment  9 
less  than  1/2  as  long  as  wide;  10  very  short;  median  groove  on  middle  segments . 

. G.  (Gomphurus) . 18 

17.  Dorsal  hooks  on  abdominal  segments  2-9  (small  on  2  and  3)  (Fig.  2C);end  tooth  on  palpal 
lobe  projects  beyond  the  other  teeth;  anterior  margin  of  prementum  almost  straight 

(Fig.  2K) . unidentified  G.  (Gomphus)  sp. 

(This  may  be  G.  oklahomensis*  but  identification  is  only  tentative.) 

Dorsal  hooks  absent  (small  flat  triangles  on  8  and  9,  mere  humps  on  some  segments) 
(Fig.  2D);  and  tooth  on  palpal  lobe  does  not  project  beyond  others;  anterior  margin  of 

prementum  convex  (Fig.  21) . . . G.  (Gomphus)  militaris 

(Separation  of  G.  maxwelli  and  G.  militaris  bused  upon  Westfall,  1974,  and  pers.  commun.) 

18.  End  hook  on  palpal  lobe  absent  or  short.  .  . 

End  hook  projecting  well  beyond  other  teeth 


G.  (Gomphurus)  externus 
. 19 
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19.  Lateral  spines  of  abdominal  segment  9  do  not  reach  beyond  segment  10;  front  margin  of 

prementum  straight . G.  (Gomphurus)  vastus'^ 

Lateral  spines  of  segment  9  reach  well  beyond  segment  10;  front  margin  of  prementum 
slightly  convex . G.  (Gomphurus)  modestus* 

20.  Posterolateral  margins  of  head  angulate . 21 

Posterolateral  margins  of  head  rounded . Anax . 23 

21.  Head  flattened  and  appearing  rectangular  dorsally . Coryphaeschna  ingens 

Head  appearing  trapezoidal  dorsally,  narrowed  posteriorly . 22 

22.  A  low  median  ridge  on  dorsum  of  abdomen;  2  pairs  of  tubercles  on  top  of  head . 

. Nasiaeschna  pentacantha 

Abdomen  rounded  dorsally;  no  prominent  tubercles  on  head . Basiaeschna janata 

23.  Palpal  lobes  rounded  to  a  point;  pale  dorsal  midline  of  abdominal  segments  5  and  6  never 

expanded  into  a  diamond  shape . Anax  junius 

Palpal  lobes  truncate;  pale  dorsal  midline  on  segments  5  and  6  diamond  shaped . 

. Anax  walsinghami 

24.  Lateral  spines  of  abdominal  segment  9  reach  to  the  tips  of  caudal  appendages;  no  dorsal 

hook  on  segment  10;  palpal  setae,  5 . Didymops  transversa 

Lateral  spines  of  segment  9  do  not  reach  tips  of  caudal  appendages;  small  dorsal  hook  on 

10;  palpal  setae,  6 . Macromia  spp. 

{M.  annulate,  reared) 


25.  Eyes  situated  on  the  dorsolateral  portion  of  the  head  so  that  their  length  is  distinctly 

less  than  the  longitudinal  distance  behind  the  eye . 26 

Lyes  more  lateral  so  that  their  length  is  greater  than  or  at  least  equal  to  the  longitudinal 
distance  behind  the  eye . Libellulidae  (in  part) . 35 

26.  Dorsal  hook  present  on  abdominal  segment  9 . Corduliidae . 27 

Dorsal  hook  absent  on  abdominal  segment  9 . Libellulidae  (in  part) . 29 

27.  Dorsum  of  head  without  tubercles  (except  in  early  instars) . Tetragoneuria  spp. 

(T.  petechialis,  reared) 

Dorsum  of  head  with  a  pair  of  small  tubercles . 28 

28.  Head  with  frontal  shelf  between  antennae;  distal  half  of  dorsal  surface  of  prementum  not 

heavily  setose . JVeurocordulia  molesta* 

Head  without  frontal  shelf;  distal  half  of  dorsal  surface  of  prementum  heavily  setose  .  .  . 

. Epicordulia  princeps 


29.  Distal  margins  of  palpal  lobes  of  labium  deeply  crenulate  (Figs.  3B  &  3C) . 30 

Dfstal  margins  of  palpal  lobes  of  labium  smooth  (or  very  shallowly  crenulate  (Fig.  3H)  ...  31 

30.  Dorsal  abdominal  hooks  absent . Orthemis  fermginea 

Dorsal  abdominal  hooks  present . Plathemis  lydia 

31.  Lateral  spines  on  abdominal  segments  8  and  9  absent  or  vestigial  (1/5  or  less  of  middorsal 

length  of  respective  segment) . .  Belonia  : . 32 

Lateral  spines  on  abdominal  segments  8  and  9  present  (at  least  1/2  of  middorsal  length 
of  respective  segment) . Libellula . 33 


32.  Dorsal  abdominal  hooks  absent . . . Belonia  saturate 

Dorsal  abdominal  hooks  present . . . Belonia  croceipennis 

33.  Dorsal  abdominal  hooks  absent . . . Libellula  comanche 

Dorsal  abdominal  hooks  present . 34 
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Figure  3.  A.  Labium  of  Dromogomphus  spinosus;  B.  Labium  of  Paltothemis  lineatipes; 

C.  Labium  of  Brechmorhoga  mendax ;  D.  Lateral  view  of  abdomen  of  Brech- 
morhoga  mendax  \  E.  Lateral  view  of  abdomen  of  Paltothemis  lineatipes’,  F. 
Lateral  view  of  abdomen  of  Dythemis  nigrescens;  G.  Lateral  view  of  abdomen 
of  Dythemis  ve/ox; (Specimens  furnished  by  Dr.  MinterJ.  Westfall,  Jr.)  H.  Labium 
of  Belonia  saturata',  1.  Dorsal  view  of  abdomen  of  Brechmorhoga  mendax 
J.  Dorsal  view  of  abdomen  of  Dythemis  fugax , 
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34.  Palpal  setae,  5  ..................................  Libellula  vibrans 

Palpal  setae,  7  ................................  .  Libellula  luctuosa 

35. Paraprocts  strongly  decurved  at  tip  ..............................  36 

Paraprocts  straight  to  tip  or  nearly  so  ...............  . . .  37 

36.  Lateral  spines  on  abdominal  segments  absent;  palpal  setae  7-9  ......  .Erythemis 

(E.  plebefa*  and  E.  simplicicollis,  reared) 

Lateral  spines  on  abdominal  segment  9  (very  small);  palpal  setae  1 1-12  .  .......... 

......................................  .Lepthemis  vesiculosa* 

37.  Dorsal  hooks  present  on  some  abdominal  segments.  ....................  38 

Dorsal  hooks  absent  on  abdominal  segments  . . ..51 

38.  Dorsal  hook  present  on  abdominal  segment  9  (Figs.  3D,  3F,  3G,  31,  3J).  ........  39 

Dorsal  hook  absent  on  abdominal  segment  9  (Fig.  3E).  . . .45 

39. Epiproct  and  paraprocts  as  long  or  longer  than  middorsal  length  of  abdominal  segments 
8  and  9 .  Brachymesia  ...................  40 

[Description  of  nymph  of  true  B.  furcata*  under  preparation  (Westfall,  pers.  commun.)] 
Epiproct  and  paraprocts  distinctly  shorter  than  segments  8  and  9  ............  41 

40.  Palpal  setae  6,  premental  setae  6  plus  2  or  3 . .  .Brachymesia  gravida 

Palpal  setae  9,  premental  setae  9  plus  3  .  . . .  .Brachymesia  herbida* 

41.  Dorsal  hooks  on  abdominal  segments  2-9;  dorsal  hooks  on  segments  7-9  are  low  and 

blunt  (Figs.  3D  &  31);  labium  as  in  Fig.  3C  . . .  Brechmorhoga  mendax 

Dorsal  hooks  on  abdominal  segments  3-9;  dorsal  hooks  spine-like  or  cultriform  (Figs. 
3G,  3F,&  3J)  .....................  . . .  . . .  42 

42.  Distal  margins  of  palpal  lobes  deeply  crenulate;  palpal  setae  5 . Perithemis  tenera 

Crenulations  of  palpal  lobes  obsolete;  palpal  setae  9-10  .  .....  Dythemis  . . 43 

43.  Lateral  spines  of  abdominal  segment  9  about  1.5  times  as  great  as  its  middorsal  length 

(Fig.  3J)  .....................  . . .  Dythemis  fugax 

Lateral  spines  of  abdominal  segment  9  less  than  or  equal  to  its  middorsal  length  (Fig. 
4)  ...........  . . . . .  44 

44.  Viewed  laterally,  dorsal  hook  on  abdominal  segment  9  straight  to  tip  or  nearly  so;  hook 

on  7  appears  smoothly  rounded  to  tip  (Fig.  3F  &  4) . Dythemis  nigrescens 

(Note:  This  nymph,  which  was  unknown  prior  to  this  study,  is  described  following  the 
key.) 

Viewed  laterally,  dorsal  hook  on  abdominal  segment  9  decurved  at  tip;  hook  on  7  appears 
flattened  on  dorsal  side  (Fig.  3G) .  . . Dythemis  velox*  ..........  45 

45.  Dorsal  hook  on  abdominal  segment  8  ............................  46 

Dorsal  hook  absent  on  abdominal  segment  8  ........................  47 

46.  Palpal  setae  6,  premental  setae  10 . .Miathyria  marcella 

Palpal  setae  9-12;  premental  setae  12-18  ...............  .Sympetrum  vicinum 

47.  Distal  margins  of  palpal  lobes  deeply  crenulate  (Fig.  3B)  .................  48 

Distal  margins  of  palpal  lobes  shallowly  crenulate  .....................  50 

48.  Dorsal  hook  present  on  abdominal  segment  6  (Fig.  3E);  labium  as  in  Fig.  3B  .......  . 

......................................  .Paltothemis  lineatipes 

Dorsal  hook  absent  on  abdominal  segment  6  .........  .  Pant  ala  .  .........  49 

49.  Epiproct  as  long  as  paraprocts;  brown  body  pattern  conspicuous.  .  .  .  Pantala  hymenaea 
Epiproct  longer  than  paraprocts;  body  pattern  pale  ...........  Pantala  flavescens 
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50.  Lateral  spines  on  abdominal  segment  9  much  greater  than  its  middorsal  length . 

. Celithemis  eponina 

Lateral  spines  on  abdominal  segment  9  less  than  its  middorsal  length . 

. Erythrodiplax  berenice* 

5  1.  Lateral  spines  on  abdominal  segment  9  greater  than  its  middorsal  length  or  nearly  so.  .  .  52 
Lateral  spines  on  abdominal  segment  9  distinctly  less  than  its  middorsal  length . 55 

5 2.  Lateral  spines  on  abdominal  segment  8  less  than  its  middorsal  length . 

. Pachydiplax  longipemns 

Lateral  spines  on  abdominal  segment  8  distinctly  greater  than  its  middorsal  length  .... 

. Tramea . 53 

(T.  cophysa"^ ,  nymph  unknown) 

5 3.  Lateral  spines  on  abdominal  segment  8  directed  straight  rearward;  8-10  spinules  arranged 

in  2  rows  (merging  to  one  near  apex)  on  dorsum  of  epiproct . Tramea  Carolina 

Lateral  spines  on  abdominal  segment  8  slightly  incurved;  3-4  spinules  alternate  on  both 
sides  of  midline  on  dorsum  of  epiproct . 54 

54. Cerci  about  9/10  as  long  as  epiproct . Tramea  omista 

Cerci  about  8/10  as  long  as  epiproct . Tramea  lacerata 

55.  Lateral  spines  absent  or  vestigial  on  abdominal  segment  8 . Syrnpetrum  corruptum 

Lateral  spines  present  on  abdominal  segment  8 . 56 

56.  Lateral  spines  of  abdominal  segments  8-9  subequal;body  hairy  .  .  Erythrodiplax  umbrata* 

Lateral  spines  of  abdominal  segment  8  about  1/2  the  length  of  those  segment  9;  body 
smooth . Micrathyria  hageni 

DESCRIPTION  OP  NYMPH  OL  DYTHEMIS  NIGRESCENS  CALVERT  (FIG.  4) 

The  nymph  of  Dythemis  nigrescens  was  unknown  prior  to  this  study.  Eleven 
nymphs  were  taken  in  both  lentic  and  lotic  habitats  at  6  stations.  Six  reared 
specimens  were  identified  as  D.  nigrescens  by  Dr.  M.J.  Westfall,  Jr. 

The  following  description  was  based  on  6  exuviae  and  3  nymphs.  Measure¬ 
ments:  Total  length,  17-18  mm;  length  of  abdomen,  10.8-12.0  mm;  width  of 
abdomen  at  segment  5,  6.7-7 .0  mm;  length  of  hind  femur,  6.0  mm;  length  of 
hind  wing  pads,  6.0-6 .4  mm;  epiproct,  1 .4  mm;  cerci,  0.8-0 .9  mm;  paraprocts  as 
long  as  epiproct  or  slightly  longer.  Head:  Palpal  setae,  9-10;  premental  setae, 
10-12;  8-9  low  crenulations  on  distal  margin  of  palpal  lobes  with  groups  of  3 
long  spiniform  setae;  inner  margin  of  palpus  with  about  10  widely  spaced  spini- 
form  setae  before  the  distal  edge  where  they  become  close  set;  distal  margin  of 
prementum  smooth  and  armed  with  about  10  long,  stout,  widely  spaced  spini¬ 
form  setae  on  each  side  of  2  closely  set  mesial  setae.  Thorax:  Wing  pads  reach  to 
posterior  margin  of  abdominal  segment  6.  Abdomen:  Wide,  bluntly  terminated 
abdomen  with  thick  spinelike  dorsal  hooks  on  segments  3-9;  dorsal  hook  on  7 
smoothly  rounded  to  tip,  dorsal  hook  on  9  not  or  only  slightly  decurved  (Fig. 
3F);  lateral  spines  on  segment  8  are  1/4- 1/3  as  long  as  its  lateral  margin;  lateral 
spines  on  segment  9  about  1/3  as  long  as  its  lateral  margin  (Fig.  4). 

This  species  is  closely  related  to  D.  velox  with  which  it  was  once  synonymized 
and  separation  of  the  2  species  is  very  difficult  even  as  adults.  Both  species  have 
been  taken  in  Texas  but  D.  velox  was  not  taken  during  this  study.  The  only  ap¬ 
parent  differences  are  a  slightly  smaller  size  for  D.  velox  and  the  curvature  of 
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dorsal  hooks  9  and  7.  D.  velox  has  a  distinctly  downcurved  hook  on  segment  9 
and  the  hook  on  segment  7  appears  flattened  dorsally  and  points  at  an  upward 
angle  from  the  plane  of  the  abdomen  (Fig.  3G).  These  differences  must  be  con¬ 
sidered  tentative,  however,  since  the  D.  velox  nymphs  (supplied  by  Dr.  Westfall) 
used  for  comparison  were  from  Florida. 
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ORIENTATION  IN  CHLORINATION  OF  CHLOROANILINIUM 
IONS' 
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Wilmington,  Delaware  19898 

ABSTRACT 


The  rule  that  a  13-disubstituted  benzene  with  meta-Aii&cXmg  group  and  ortho, para- 
directing  group  undergoes  electrophilic  substitution  primarily  ortho  to  the  meffl-directing 
group  does  not  hold  for  the  reaction  of  the  3-chloroanilinium  ion  with  chlorine  gas.  The 
major  product  is  3,4-dichloroaniline.  Lower  yields  of  2,5-  and  2,3-dichloroaniline  must  be 
the  result  of  Coulombic  repulsion  between  the  charged  ammonium  group  and  the  electro¬ 
philic  reagent.  Also  chlorinated  were  2-  and  4-chloroamlinium  ions.  Major  products  were 
dichloroanilines  with  substitution  ortho  or  para  to  the  first  chloro  group,  as  expected. 

INTRODUCTION 

Electrophilic  substitution  of  1,3 -disub stituted  benzene  derivatives,  which 
contain  a  meffl-directing  group  and  an  ortho, para-dixociing  group,  has  been  de¬ 
scribed  by  a  rule  that  the  incoming  group  primarily  enters  ortho  to  the  meta- 
directing  group,  rather  than  para  to  the  mefa-directing  group.  This  orientation 
pattern, called  an  “orf /to  effect’'  (Hammond  and  Hawthorne,  1956;  March,  1977), 
is  based  on  several  reactions  in  which  the  mef^-directors  are  dipolar  groups,  such 
as  -COOH,  -CHO,  -NO2  and  -SOsH.  Hammond  and  coworkers  (Hammond, ef 
al,  1953;  Hammond  and  Hawthorne,  1956)  suggested  that  substitution  in  this 
ortho  position  is  facilitated  by  electrostatic  attraction  between  the  electrophilic 
reagent  and  the  negative  end  of  the  dipole.  Our  investigation  involved  substi¬ 
tution  with  a  different  type  of  small  mefa-director,  the  ammonium  (-NHs"*") 
group  with  a  formal  positive  charge. 

RESULTS  AND  DISCUSSION 

The  reaction  of  chlorine  with  the  3-chloroanilinium  ion  led  to  the  3,4-di- 
chloroanilinium  ion  as  major  product,  not  to  the  2,5-dichloroanilinium  ion  that 
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would  have  been  predicted  by  this  ''ortho  effect”  rule.  Low  yields  of  2,5  -dichloro- 
aniline  and  2,3-dichloroaniline  must  have  been  due  to  electrostatic  repulsion 
between  the  ammonium  substituent  and  the  electrophilic  reagent.  Besides  this 
field  effect,  an  additional  factor  to  explain  the  very  low  yield  of  2,3-dichloro- 
aniline  is  steric  hindrance  to  approach  by  the  electrophilic  reagent.  We  conclude 
that  this  rule  does  not  describe  orientation  in  electrophilic  substitution  of  these 
1 ,3-disubstituted  benzenes  in  which  the  meta~dixQcting  substituent  is  a  positive 
pole. 

A  major  obstacle  to  study  of  conjugate  acids,  without  competition  from  free 
bases  in  equilibrium,  has  been  lack  of  a  strong  acid  to  react  completely  with  the 
free  base.  This  obstacle  has  been  overcome  by  using  the  combination  of  aluminum 
chloride  and  hydrogen  chloride.  The  acid,  presumably  HAICI4,  was  first  used  by 
Pearson  (Pearson  and  Pope,  1956;  Pearson,  1965;  Pearson  and  Buehler,  1971),  in 
studies  of  the  “swamping  catalyst  effect”. 

The  conjugate  acid  of  3-chloroaniline  was  made  by  reaction  of  the  amine  with 
aluminum  chloride  and  hydrogen  chloride.  The  3-chloroaniline-aluminum  chlor¬ 
ide-hydrogen  chloride  complex  was  treated  with  chlorine  gas  at  80  C,  the  min¬ 
imum  temperature  for  fluidity  of  the  complex.  The  reaction  mixture  was  neu¬ 
tralized.  The  major  product  was  3,4-dichloroaniline  and  minor  products  were 
2,5-dichloroaniline  and  2,3-dichloroaniline.  To  complete  the  series  of  the  react¬ 
ions,  the  2-chloroanilinium  ion  and  the  4-chloroanilinium  ion  were  chlorinated 
in  the  same  manner.  All  major  products  were  the  dichloroanilines  with  the  2nd 
chloro  group  ortho  or  para  to  the  1st  chloro  group.  These  orientation  patterns 
affirmed  that  the  chloro  substituent  is  a  more  powerful  director  than  the  ammo¬ 
nium  substituent  in  electrophilic  aromatic  substitution.  Moreover,  the  latter 
reaction  confirmed  that  the  major  product  from  chlorination  of  the  4-chloro- 
aniline  complex  was  3,4-dichloroaniline,  earlier  isolated  in  71%  yield  (Suthers, 
et  al. ,  1962). 

An  interesting  comparison  may  be  made  between  influence  of  the  smaller 
charged  substituent  of  the  chloroanilinium  ions  and  influence  of  the  larger  positive- 
charged  substituents  (charged  atom  bonded  directly  to  aryl  carbon  atom;  e.  g., 
-N(CH3)3'^,  -P(CH3)3'^,  and  -S(CH3)2'''  groups)  upon  electrophilic  atomatic 
substitution.  Compounds  with  the  larger  charged  groups  have  been  thoroughly 
studied  (Brickman,  et  al,  1965;  Modro  and  Ridd,  1968;  Eaborn  and  laggard, 
1969;  Gilow,  et  al ,  1971 ;  Danieli,  et  al ,  1974).  The  values  for  m-N(CH3)3'^ 
and  /7-N(CH3)3''‘  groups  have  been  determined  (Brown  and  Okamoto,  1958; 
Eaborn  and  Pande,  1961;  de  la  Mare  and  Elilton,  1962).  Electrophilic  substitution 
practically  never  occurs  ortho  to  these  groups.  We  suspect  that  this  lack  of  orf/zo- 
substitution  is  the  result  of  2  factors,  (a)  the  field  effect,  repulsion  between  the 
charged  substituent  and  the  electrophilic  reagent,  and  (b)  a  steric  effect  caused 
by  the  large  size  of  the  charged  substituent.  The  steric  effect  was  also  apparent 
in  nitration  of  anilinium  ion  and  N,N,N-trimethylanilinium  ion  in  aqueous  sul¬ 
furic  acid  (Gastaminza,  er  al,  1969),  although  the  anilinium  ion  may  have  existed 
in  equilibrium  with  aniline  in  this  medium. 
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Analysis 

Gas-liquid  chromatography  was  used  for  qualitative  and  quantitative  analyses 
in  the  manner  previously  described  by  Schimelpfenig  (1977). 

Chlorination  of  2-Chloranilme-Aluminum  Chloride-Hydrogen  Chloride  Complex 
As  described  for  the  aniline  complex  (Schimelpfenig,  1977),  the  2-chloro- 
aniline  complex  at  80  C  was  treated  with  chlorine  until  1  mol  of  chlorine  had 
been  absorbed/mol  of  amine.  The  products  were  2,3 -dichloro aniline  (21%),  2,4- 
dichloro aniline  (1%),  2,5-dichloroaniiine  (54%),  trichloroanilines  (5%),  and  un¬ 
changed  2-chloroaniline  (19%). 

Chlorination  of  3-Chloro aniline- Aluminum  Chloride-Hydrogen  Chloride  Complex 
As'  described  for  the  aniline  complex  (Schimelpfenig,  1977),  the  3-chloro- 
aniline  complex  at  80  C  was  treated  with  chlorine  until  1  mol  of  chlorine  had 
been  absorbed/mole  of  amine.  The  products  were  2,3-dichloroaniline  (8%),  2,5- 
dichloroaniline  (33%),  3,4-dichloroaniline  (48%),  trichloroanilines  (3%),  and  un¬ 
changed  3 -chloro aniline  (8%). 

Chlorination  of  4-Chloroamline-Aluminum  Chloride-Hydrogen  Chloride  Complex 
As  described  for  the  aniline  complex  (Schimelpfenig,  1977),  the  4-chloro- 
aniline  complex  at  80  C  was  treated  with  chlorine  until  1  mol  of  chlorine  had 
been  absorbed/mol  of  amine.  The  products  were  2,4-dichloroaniline  (1%),  3,4- 
dichloroaniline  (73%),  trichloroanilines  (l%),and  unchanged  4-chloroaniline  (25%). 
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Notes  Section 

INCIDENCE  OF  MITES  ON  SCELOPORUS  VARJABILIS  AND  SCELOPORUS 
t/M)£/TMraS'(SAURIA:  IGUANIDAE)  IN  SOUTH  TEXAS-During  a  study  of 
sympatric  populations  of  Sceioporus  variabilis  and  S.  undulatus  in  Uvalde  County,  Texas, 
some  data  were  collected  on  the  incidence  of  mites  on  these  species. 

In  November  of  1975,  27  S.  variabilis  and  12  5'.  undulatus  were  examined  for  mites.  Two 
species  of  mites  were  found,  Geckobieila  texana  Banks  (Pterygosomidae)  and  a  larval  stage 
chigger  (Trombiculidae)  not  identified  to  species  level. 

The  immature  chigger  mites  were  present  on  most  individuals  of  both  species  of  lizards. 
These  chiggers  were  usually  in  the  fold  of  skin  just  posterior  to  the  auditory  opening  of  S. 
undulatus,  and  in  S.  variabilis  they  were  also  found  in  the  postfemoral  pocket.  Occasionally 
chiggers  were  found  in  the  axilla,  groin  or  other  areas.  Of  27  S.  variabilis  examined,  all  were 
infested  with  chiggers,  ranging  from  2-95  and  averaging  39.7/lizard.  Of  12  5'.  undulatus  qx- 
amined,  all  carried  chiggers,  ranging  from  18-72  and  averaging  38.8/lizard.  The  other  mite, 
Geckobieila  texana,  was  usually  under  ventral  scales  anywhere  from  the  gular  area  to  the  tail, 
and  occasionally  in  the  axilla  or  groin.  Of  27  S.  variabilis  examined  for  mites,  10  carried  G. 
texana,  for  an  incidence  of  37.0%,  The  numbers  carried  ranged  from  1-12.  Of  the  12  S. 
undulatus  examined,  2  carried  G.  texana  for  an  incidence  of  16.7%  (1  carried  1  mite,  the 
other  6). 

This  report  is  based  on  a  portion  of  a  dissertation  prepared  in  partial  fulfillment  of  the 
requirements  for  a  Ph.D.  at  Texas  A&M  University.  I  thank  James  R.  Dixon  for  his  guidance, 
L.  K.  Magrath  for  reviewing  the  manuscript  and  E.  W.  Baker  and  R.  L.  Smiley  for  identifi¬ 
cation  of  the  mites.  This  study  was  supported  by  the  Texas  Agricultural  Experiment  Station, 
Project  \^1^. -Charles  M.  Mather,  Dept,  of  Science  and  Mathematics,  Univ.  of  Science  and 
Arts  of  Oklahoma,  Chickasha,  Oklahoma  73018. 
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GENERALIZED  LIPSCHITZ  CONDITIONS  II 


by  FRANK  N.  HUGGINS 

Department  of  Mathematics 

The  University  of  Texas  at  Arlington 

Arlington  76019 

ABSTRACT 

This  paper  presents  further  results  concerning  functions  which  satisfy  a  uniform  Lipschitz 
condition  of  order  p  with  respect  to  an  increasing  function  m  on  an  interval  [a,  b] . 

Definition  1:  The  statement  that  f  s,2i\.isi\QS2iUniformLipschitz  condition  of  order 
p  with  respect  to  m  on  [a,b]  means  that  f  is  a  function  whose  domain  includes 
[a,b] ,  m  is  a  real-valued  increasing  function  on  [a,b] ,  p  is  a  positive  number, 
and  there  exists  a  nonnegative  number  K  such  that  if  Xi  and  X2  are  numbers  in 
[a,b] ,  then 


f(x,)-f(x2)  I  <K-  I  m(xi)- m(x2)  I  P. 


The  least  such  number  K  is  called  the  Lipschitz  constant  for  f,  m,  and  p  on  [a,b] 
and  is  denoted  by  K^(f,m,  p). 


A  function  f  which  satisfies  a  uniform  Lipschitz  condition  of  order  p  >  1  with 
respect  to  m  on  [a,  b  ]  is  not  necessarily  constant  on  [a,  b  ] .  For  example ,  if  m  and 
f  are  the  functions  defined,  for  each  x  in  [0,1],  by 


and 


1 


m(x)  =  X,  0<x<l/2; 
m(x)  =  x+l,l/2<x<l. 


|f(x)  =  0,0<x<l/2; 
|j(x)=l,l/2<xll. 
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then  f  satisfies  a  uniform  Lipschitz  condition  of  order  p  with  respect  to  m  on 
[0, 1]  for  any  p>l  ,but  f  is  not  constant  on  [0,1].  However,  as  shown  by  Theo- 
rem  1 ,  a  function  f  which  satisfies  a  uniform  Lipschitz  condition  of  order  p  >  1  with 
respect  to  m  on  [a,b]  does  possess  a  rather  interesting  property. 

Definition  2:  Suppose  m  is  an  increasing  function  on  [a,  b],fis  a  function  whose 
domain  includes  [a,b] ,  and  c  is  a  number  in  [a,b).  The  statement  that  f  has  a 
right-hand  derivative  with  respect  to  m  at  (c,  f(c))  means  that 

D;f(c)  =  lim 

x^c  +  m(x)  -  m(c) 

exists.  Dj^f(c),  the  left-hand  derivative  of  f  with  respect  to  m  at  (c,  f(c)),  is  de¬ 
fined  similarly  for  c  in  (a,b] .  If  Dj^f(c)  =  Dj*^f(c),  the  common  value  is  denoted 
by  Dj^f(c)  and  f  is  said  to  have  a  derivative  with  respect  to  m  at  (c,  f(c)). 

Theorem  1:  If  f  satisfies  a  uniform  Lipschitz  condition  of  order  p>l  with  respect 
to  m  on  [a,b] ,  c  is  a  number  in  [a,b] ,  and  m  is  continuous  on  the  right  (left)  at 
(c,  m(c)),  then  =  0  (DJ^f(c)  =  0).  Thus  Dj^f(c)  =  0  on  [a, b] -E,  where 

E  is  a  countable  set. 

Corollary  1.1:  If  f  satisfies  a  uniform  Lipschitz  condition  of  order  p>l  with  respect 
to  m  on  [a,b]  and  f  is  continuous  on  [a,b] ,  then  f(x)  =  f(a)  for  each  x  in  [a,b] . 

Theorem  1  and  Corollary  1.1  may  be  proved  by  using  Definitions  1  and  2  and 
Theorem  2  of  Huggins  (1971). 

Theorem  2:  If  the  function  m  is  increasing  on  [a,b]  and  f  is  a  function  whose 
domain  includes  [a,b]  ,  then  in  order  that  f  satisfy  a  uniform  Lipschitz  condition 
of  order  1  with  respect  to  m  on  [a,b] ,  it  is  necessary  and  sufficient  that  f  be  the 
Lebesgue-Stieltjes  integral  on  [a,b]  of  a  bounded  function  g  with  respect  to  m. 

Remark  1:  The  condition  stated  in  Theorem  2  remains  a  sufficient  condition  if 
the  Lebesgue-Stieltjes  integral  is  replaced  by  either  the  Stieltjes,  mean-Stieltjes, 
or  Lane  integral. 

Definition  3:  The  statement  that  f  has  bounded  Wiener  p-th  power  variation  on 
[a,b]  means  that  f  is  a  function  whose  domain  includes  [a,b] ,  p  is  a  real  number 
such  that  pi.1,  and  there  exists  a  nonnegative  number  B  such  that  f=0 

any  subdivision  of  [a,b] ,  then 

n 

>  I  f(Xi)-f(Xi,j)  I  P  <  B. 

i=l 


GENERALIZED  LIPSCHITZ  CONDITIONS  II 


111 


The  p-th  root  of  the  least  such  number  B  is  called  the  (total)  p-th  power  variation 
of  f  on  [a,b]  and  is  denoted  by  V^(f)p.  Thus 

vb(f)p  =  sup  [xi  I  i 

i=l 

where  the  supremum  is  taken  over  all  subdivisions  of  [a,b] .  The  function  f  is 
said  to  belong  to  the  Wiener  space  Wp[a,b]  if  and  only  if  f  has  bounded  Wiener 
p-th  power  variation  on  [a,b]  .  In  case  p  =  1 ,  Definition  3  reduces  to  the  usual 
definition  of  bounded  variation;  hence  Wj  [a,b]  =BV[a,b]. 

It  is  not  surprising  that  some  relation  should  exist  between  the  concepts  of 
uniform  Lipschitz  condition  and  Wiener  p-th  power  variation  since  both  concepts 
had  their  origins  in  research  concerning  Fourier  series.  Wiener  (1924)  showed 
that  if  f  has  bounded  Wiener  p-th  power  variation  on  [a,b]  and  p<q,  then  f 
satisfies  a  Lipschitz  condition  of  order  1/q  with  respect  to  I  almost  everywhere  in 
[a,b] ,  but  not  uniformly.  (Here  I  denotes  the  function  defined,  for  each  x,by 
I(x)  =  x.) 

Theorem  3:  If  p>  1  and  f  satisfies  a  uniform  Lipschitz  condition  of  order  1  /p  with 
respect  to  m  on  [a,b]  ,  then  f  has  bounded  Wiener  p-th  power  variation  on  [a,b] . 

The  converse  of  Theorem  3  is  not  true.  In  fact,  for  any  p>l,  there  exists  a 
function  having  bounded  Wiener  p-th  power  variation  on  [0,1]  which  does  not 
satisfy  a  uniform  Lipschitz  condition  of  order  1/p  with  respect  to  I  on  [0,1]. 
Note  that  for  the  case  p  =  2 ,  Theorem  3  adds  another  link  to  the  descending  chain 
given  by  Theorems  1  through  4  of  Huggins  (1976a). 

Definition  4:  The  statement  that  the  Hellinger  integml  of  order  p  |  df|  P/(dm)P~^ 
exists  means  that  f  is  a  function  whose  domain  includes  [a,b] ,  m  is  a  real-valued 
increasing  function  on  [a,b] ,  p  is  a  positive  number,  and^^  |  df  |P/(dm)P"^  is 
a  number  such  that  if  c  denotes  a  positive  number  there  is  a  subdivision  D  of 
[a,b]  such  that  if  |xj^  P_q  is  any  refinement  of  D,  then 

n 

Y  |f(Xi)-f(Xi-i)|P  P  \df\P 

L _  [m(Xj)-m(Xi_i)]P-‘  (dm)P-‘ 

i=l 

[Note;  I  df|P/(dm)P-'  =0.] 

If  p  =  2,  Definition  4  reduces  to  the  usual  definition  of  the  Hellinger  integral 
^  (df)^/dm;  if  p  =  1,  Definition  4  reduces  to  the  usual  definition  of  bounded 
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variation  with  (f)  =  |  |  ’  if  P  =  1/2  and  f  is  nondecreasing  on  [a,b], 

Definition  4  reduces  to  the  definition  of  the  integral  (df  dm)^/^  which  is 
another  integral  introduced  by  Ernst  Hellinger  (1907). 

If  p>l ,  it  is  easily  seen  that  the  sums 

n 

I  f(xi)-f(xi.i)|  P 

-  (1) 

i=l 

are  nondecreasing  with  respect  to  refinements.  This  result  follows  at  once  from 
the  fact  that  if  p  >1 ,  ai ,  a2  , .  .  aj^  are  real  numbers, and  bi ,  b2  ,  .  .  .,  bj^  are  posi¬ 
tive  real  numbers,  then 

n _  p  i-p 

1  ^  I  I  ■  (bi) 

i=l 

a  result  given  by  Radon  (1913).  Of  course,  if  p=  1,  the  sums  (l)are  nondecreasing  with 
respect  to  refinements.  However,  if  0  <  p  <  1  ,the  sums  (1)  are  not  necessarily  non¬ 
decreasing  with  respect  to  refinements.  In  particular,  if  p  =  1/2  and  f  is  nonde¬ 
creasing  on  [a,b] ,  the  sums  (1)  are  nonincreasing  with  respect  to  refinements. 

In  Theorem  5  of  Huggins  (1976b),  the  author  showed  that  if  the  function  f  is 
of  bounded  variation  on  [a,b]  ,  Vf  is  the  function  defined,  for  each  x  in  [a,b] , 
by  Vf(x)  =  V^(f)  where  V^(f)  is  the  total  variation  of  f  on  [a,x] ,  then  in  order 
that  f  satisfy  a  uniform  Lipschitz  condition  of  order  1  with  respect  to  an  increasing 
function  m  on  [a,b] ,  it  is  necessary  and  sufficient  that  Vf  satisfy  a  uniform 
Lipschitz  condition  of  order  1  with  respect  to  m  on  [a,b] .  Moreover,  in  this  case 
we  have  that  K^(Vf,  m,  1)  =  K^(f,m,  1).  The  following  theorem  gives  a  similar 
result  for  the  Hellinger  integral  function  hf  associated  with  a  function  f  such  that 
(df)^/dm  exists. 

Theorem  4:  If  the  function  m  is  increasing  on  [a,b] ,  f  is  a  function  such  that 
(df)^/dm  exists,  and  hf  is  the  function  defined,  for  each  x  in  [a,b],  by 

hf(x)=  (df)Vdm, 

then  in  order  that  f  satisfy  a  uniform  Lipschitz  condition  of  order  1  with  respect 
to  m  on  [a,b] ,  it  is  necessary  and  sufficient  that  hf  satisfy  a  uniform  Lipschitz 
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condition  of  order  1  with  respect  to  m  on  [a,b] .  Moreover,  in  this  case  we  have 

thatK^(hf,m,l)=  [Kb(f,m,l)]". 

Theorem  4  can  be  proved  with  the  aid  of  the  fact  that  by  Theorem  3  of 
Huggins  (1976a), 

(df)^/dm  <  [Kj  (f,m,  1)]  ^  •  [m(b)  -  m(a)] 
and  well  known  properties  of  the  Hellinger  integral. 

Corollary  4.1:  If  f  satisfies  a  uniform  Lipschitz  condition  of  order  1  with  respect 
to  m  on  [a,b]  and  hf  is  the  function  defined,  for  each  x  in  [a,b] ,  by 

hf(x)=  yy  (df)Vdm, 

then  (dh^)^ /dm  exists. 

Remark  2:  If  f  satisfies  a  uniform  Lipschitz  condition  of  order  1  with  respect  to 
m  on  [a,b]  and  hi ,  h2 ,  h3 ,  .  .  .  is  a  sequence  such  that  hi  =  hf  and,  for  each 
positive  integer  n,  hj^-^.i  is  the  function  defined,  for  each  x  in  [a,b] ,  by 

’’n+iW=  /y  (dhn)^/dm, 

then  hi,h2,h3,.  ..is  a  sequence  of  functions  such  that  for  each  positive  integer 
n,  hj^(a)  =  0,  hj^  is  nondecreasing  on  [a,b] ,  hj^  satisfies  a  uniform  Lipschitz 
condition  of  order  1  with  respect  to  m  on  [a,b] ,  and 

Kb(h„,m,l)=  [Kb(h„_,,m,l)]^  =  [K^Cf.m,  1)] 

Consequently,  if  K^(f,m,  1)  <  1,  then  the  number  sequence  |^Kg(hj^,m, 
converges  to  zero  and  the  sequence  of  functions  h  i ,  h2  ,  h3,  .  .  .  converges  uni¬ 
formly  to  zero  on  [a,b] . 

Theorems:  If  (df)  ^ /dm  exists  and  m  satisfies  a  uniform  Lipschitz  condition 
of  order  1  with  respect  to  V  on  [a,  b],  then  (df)^ /dv  exists  and 


Remark  3:  By  using^the  Hellinger  integral  of  order  p  instead  of  the  ordinary 
Hellinger  integral  ^  (df)^/dm  and  slightly  modifying  the  proofs.  Theorems 
3  and  4  of  Huggins  (1976a)  can  be  generalized  to  show  that  if  f  satisfies  a  uni¬ 
form  Lipschitz  condition  of  order  1  with  respect  to  m  on  [a,b]  and  p>l,then 
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I  df|  P/(dm)P"^  exists, but  not  conversely,  and  if  |  df|  P/(dm)P"^  exists, 
p>l ,  and  q  is  a  number  such  that  1/p  +  1/q  =  1  ,then  f  satisfies  a  uniform  Lipschitz 
condition  of  order  1/q  with  respect  to  m  on  [a,  b],  but  not  conversely.  Furthermore, 
if  p  >  1,  Theorem  4  of  this  paper  remains  true  if,  in  its  hypothesis,  the  Hellinger  inte- 
graiy^^  (df)^/dm  is  replaced  by  the  Hellinger  integral  of  order  p^^  |df|  P/(dm)P~^ 
and  in  this  case  K^(hf,  m,  1)  =  [K^(f,  m,  1)]P. 
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ABSTRACT 

To  test  the  influence  of  Racah’s  (1951)  quantum  numbers  on  the  calculation  of  crystal- 
field  energy  levels  and  other  important  quantities  for  Dy^"*",  we  calculated  for  a 

number  of  ex  cited  states  of  Dy^"'’  classified  by  various  sets  of  Racah’s  (1951)  quantum  numbers. 

INTRODUCTION 

In  our  investigations  of  the  efficiency  of  solid-state  lasers  (Synek  and  Schultz, 
unpub.;  Synek,  1969)  the  problem  of  matching  the  emission  spectra  of  a  suitable 
pumping  lamp  with  the  absorption  spectra  of  a  specific  crystal  has  been  of  enor¬ 
mous  importance.  Initially,  in  order  to  design  a  pumping  lamp  for  a  particular 
crystalline  laser  material,  the  perturbation  of  the  absorption  bands  of  the  laser- 
active  ion  by  the  crystal-field  potential  must  be  examined  in  great  detail.  For 
the  rare  earths  this  raises  a  particularly  complex  situation  concerning  the  complete 
classification  of  their  electronic  states.  This  problem  is  best  attacked  by  the  use 
of  the  theory  of  irreducible  tensors  (Weyl,  1950;  Racah,  1951;  Fano  and  Racah, 
1959;  Judd,  1963)  and  particularly,  at  least  to  the  present  extent  of  application 
of  such  algebraic  methods,  by  the  use  of  Racah’s  (1951)  quantum  numbers  v  and 
U  =  U(ui ,  U2).  In  relation  to  our  research  effort,  the  calculation  of  crystal-field 
parameters  for  excited  states  of  rare  earth  ions  labeled  by  such  quantum  numbers 
leads  to  a  clearer  insight  into  the  energy  significance  of  such  states  and  indicates 
whether  more  complex  substates  may  merit  attention  in  relation  to  energetic 
contributions. 

The  laser-active  ion  Dy^"^  has  been  of  considerable  technical  interest;  one  of 
the  earliest  magnetically  tunable  solid-state  lasers  utilized  the  spectral  charac¬ 
teristics  of  Dy^'*’  (Kiss,  1963).  We  have  calculated,  using  our  own  accurate  analytical 
SCF  wave  functions  (Synek,  1969;Synek  and  Ramirez,  1971  ;Synek  and  Ramirez, 
1979),  the  average  values  of  the  radial  moments  <r'^>4^for  certain  excited  4f 

'This  work  was  partially  supported  by  The  Robert  A.  Welch  Foundation  of  Houston,  Texas 
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orbitals  of  (Z  =  66),  4f^^.  These  results,  which  are  useful  in  determining  many 
physical  parameters,  were  classified  by  Racah’s  (1951)  quantum  numbers  as  was 
referred  to  above.  The  theoretical  determination  of  physical  parameters,  employing 
SCF  wave  functions,  has  been  a  routine  practice  (Synek  and  Lichodziejewski, 
1966;  Synek,  er  al ,  1967;  Synek  and  Ramirez,  1969); our  calculations  of  <r^>4f 
for  excited  states  of  Dy^  are  the  1st  since  accurate  wave  functions  for  these  states 
have  never  appeared  in  the  literature  before.  The  average  values  of  <r^>4f  with 
the  values  of  n  =  -3,  -1 , 0,  1 , 2, 4,  and  6  were  considered.  The  results  for  <  r^>4p 
with  Racah’s  (1951)  quantum  numbers,  are  given  in  Table  1 ,  where  we  have  listed 
each  state  of  the  4f^  ^  configuration  by  a  set  of  4  quantum  numbers  v,  S,  L,  and 
U  =  U(ui ,  U2);  each  set  of  such  quantum  numbers  is  characterized  by  a  set  of  4 
vector-coupling  coefficients  (Malli  and  Olive,  1965),  which  leads  to  a 

particular  SCF  value  of  <r^>4^.  In  many  cases  Racah’s  (1951)  quantum  numbers 
were  found  to  be  as  important  as  the  usual  angular  momentum  quantum  numbers. 
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Each  n  value  defines  its  own  physical  parameter  as  follows: 


n  =  -3 
n  =  -l 

n  =  0 
n  =  1 
n  =  2,4,6 


spin -orbit  interaction  as  well  as  nuclear  charge  penetration  effects. 

electrostatic  interaction  energy  of  the  electrons  with  the  nucleus 
and  the  mutual  electrostatic  repulsion  energy  of  the  electrons. 

normalization  constant  for  SCF  wave  functions, 
average  radius  of  electronic  orbitals, 
crystal-field  parameters. 


We  added  the  values  of  for  the  ground  state  of  Dy^"^  for  partial  com¬ 

parison  with  the  earlier  computations  of  Wakim,  et  al,  (1972).  The  excited  state 
radial  averages  for  the  cases  of  n  =  -3,  -1  and  2  differed  by  up  to  'v  1%;  >4f 

and  <  r^  >4f  terms  show  as  much  as  ^  1 0%  differences  between  individual  excited 
states.  This  demonstrates  the  energy  significance  of  Racah’s  (1951)  quantum 
numbers  in  the  calculations  of  crystal-field  parameters.  For  the  case  of  n  =  -3 
the  results  for  Racah’s  (1951)  quantum  numbers  are  important  in  studying  the 
spin-orbit  fine  structure.  With  respect  to  n  =  2,  4  and  6  the  results  in  Table  1 
suggest  a  correction  for  the  crystal-field  parameters  as  follows:  Bleaney  (1964) 
has  emphasized  the  use  of  the  Ist-order  perturbation  theory  in  crystal-field  theory 
as  a  good  approximation  while  2nd-order  perturbation  theory  predicts  that  the 
ground  state  as  well  as  the  next  excited  states  should  be  mixed  when  the  crystal- 
field  parameters  are  determined  (Wybourne,  1965).  By  mixing  the  ground  and 
excited  states  one  can  expect  to  improve  theoretical  calculations  of  crystal-field 
parameters  by  up  to  'v  10%  when  compared  with  reliable  experimental  results 
(Watson  and  Freeman,  1967).  As  was  stated  above  it  is  presently  not  possible  to 
compare  our  results  of  with  others  since  excited  state  wave  functions 

for  Dy^''',  or  for  any  comparable  lanthanide  ions,  are  as  yet  unavailable  elsewhere. 

Due  to  the  strong  indication  of  the  energetic  significance  of  states  labeled  by 
Racah’s  (195 1)  quantum  numbers,  this  group  is  attempting  to  define  new  quantum 
numbers  by  the  use  of  the  theory  of  irreducible  tensors  in  order  to  investigate 
the  possible  usefulness  of  substates  defined  by  these  new  schemes. 
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GEOTECHNICAL  PROPERTIES  OF  UNSTABLE  CLAY-SHALES 
IN  NORTH  CENTRAL  TEXAS 


by  ROBERT  G.  FONT 

Department  of  Geology 
Baylor  University 
Waco  76703 

ABSTRACT 


This  paper  summarizes  the  geotechnical  properties  of  several  shales  that  crop  out  in  the 
north  central  Texas  area.  The  Lower  Taylor  Marl,  Upper  Eagle  Ford  Shale,  Pepper  Shale,  and 
Del  Rio  Clay  have  earned  the  reputation  of  being  “problematic”  regarding  engineering  con¬ 
struction.  These  shales  cause  damage  to  roads  and  foundations  resulting  in  annual  repair  costs 
in  excess  of  30  million  dollars.  After  13  yrs  of  field  observations  and  8  yrs  of  laboratory  test¬ 
ing,  the  field  behavior  of  these  clays  can  be  predicted.  Laboratory  tests  have  been  performed 
to  quantify  the  index  properties  and  the  strength  of  the  shales  under  various  field  conditions. 
The  results  corroborate  field  conditions.  Very  large  values  of  liquid  limit  (60-120),  plasticity 
index  (30-80),  and  potential  volume  change  (8,000-30,000  p.s.f.)  characterize  these  materials. 
Field  strength  is  almost  always  a  function  of  the  residual  strength  of  the  clays,  or  the  strength 
along  preexisting  planes  of  weakness.  The  shales  are  characterized  by  very  low  coefficients  of 
friction  (0,12-0.18).  The  data  summarized  in  this  report  will  be  valuable  in  future  engineering 
endeavors.  Guidelines  are  also  recommended,  in  order  to  prevent  potential  problems. 

OBJECTIVES  AND  METHODS 


The  purpose  of  this  paper  is  to  summarize  the  geotechnical  properties  of  various 
shales  that  crop  out  in  north  central  Texas,  and  that  have  given  rise  to  a  diversity 
of  engineering  problems.  The  paper  also  outlines  certain  recommendations  in¬ 
tended  to  provide  a  guideline  for  the  prevention  of  potential  engineering  failures. 

The  most  valuable  tool  in  any  investigation  concerning  the  geotechnical  prop¬ 
erties  of  earth  materials  is  a  thorough  knowledge  of  local  geologic  conditions  and 
processes.  Thirteen  years  of  field  observations  in  the  north  central  Texas  area 
have  led  to  a  good  understanding  of  geologic  factors  which  influence  engineering 
endeavors.  Coupled  with  field  observations,  a  rigorous  program  of  laboratory 
testing  simulating  various  field  conditions  is  a  definite  necessity.  Eight  years  of 
laboratory  testing  have  allowed  the  quantification  of  the  geotechnical  properties 
of  the  north  central  Texas  shales,  and  the  prediction  of  potentially  dangerous 
situations.  The  materials  tested  include  the  clays  of  the  Lower  Taylor  Marl,  the 
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upper  Eagle  Ford,the  Pepper  Shale  of  the  Woodbine  Group,  and  the  Del  Rio  Clay 
of  the  Washita  Group.  Standard  laboratory  tests  have  been  conducted  to  determine 
the  index  properties  of  the  shales.  Strength  properties  have  been  determined  for 
both  undisturbed  and  remolded  samples.  Various  field  conditions  have  been  care¬ 
fully  simulated  to  predict  actual  behavior.  Strength  tests  have  included  unconfined 
compression  tests,  triaxial  compression  tests,  consolidated  drained  and  undrained 
direct  shear  tests,  residual  strength  direct  shear  tests,  and  vane  shear  tests.  For  a 
detailed  description  of  various  test  procedures,  the  reader  is  referred  to  Lambe 
(1951),  Skempton  (1964),  and  Bishop  and  Henkel  (1969). 

LOCATION  AND  PREVIOUS  WORKS 

Ninety  percent  of  the  tested  samples  came  from  localities  within  McLennan 
County.  The  remaining  samples  were  collected  at  selected  localities  in  Bell  and 
Hill  Counties  (Fig.  1). 

The  following  works  were  found  valuable  in  the  writing  of  this  report:  Burket 
(1965),  Wniiamson  (1967),  Font  (1969),  Font  and  Williamson  (1970),  Wright 
and  Duncan  (1972),  Font  (1976,  1977a,  1977b),  and  Mudd  (1977).  Of  these, 
the  first  4  have  helped  us  establish  our  knowledge  of  the  local  geology  and  our 
understanding  of  the  engineering  geology  setting.  The  most  recent  works  have 
provided  us  with  detailed  geotechnical  studies  of  the  various  clays. 

CONCLUSIONS  AND  RECOMMENDED  GUIDELINES 

The  geotechnical  properties  of  the  north  central  Texas  clay -shales  are  sum¬ 
marized  in  Tables  1  and  2.  The  shales  are  characterized  by  large  values  of  liquid 
limit,  plasticity  index  and  potential  volume  change,  and  by  very  low  coefficients 
of  friction.  The  following  guidelines  are  recommended  in  order  to  avoid  potential 
engineering  problems  in  these  clays: 

1 .  On-site  testing  is  always  necessary.  It  should  not  be  restricted  to  a  geotechnical 
survey;  it  must  also  involve  a  thorough  survey  of  the  local  geologic  conditions 
and  an  overview  of  regional  geologic  trends. 

2.  In  most  field  conditions,  the  strength  of  the  clays  should  not  be  expected  to 
exceed  the  residual  strength  value.  The  latter  is  approximately  equal  to  the 
strength  along  planes  of  anisotropy  (Font,  1977a). 

3.  Long-term  stability  of  structures,  slopes. and  embankments  must  be  analyzed 
using  the  residual  strength  parameters,  or  the  strength  along  preexisting  planes 
of  weakness. 

4.  Short-term- stability  of  structures,  slopes  and  embankments  may  be  analyzed 
by  using  the  undrained  shear  strength  parameters  depicted  in  Table  2. 

5.  Long-term  and  short-term  stability  of  the  remolded  compacted  clay  may  be 
analyzed  by  using  the  drained  and  undrained  shear  strength  parameters  depicted 
in  Table  2.  Long-term  stability  must  consider  the  drained  strength  properties 
of  the  material. 
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6.  Most  structures,  slopes  or  embankments  should  be  designed  for  expected 
values  of  liquid  limit  ranging  from  60-120,  values  of  plasticity  index  from 
30-80,  and  swell  pressures  in  the  range  of  8,000-30,000  p.s.f.  (Table  1). 


Figure  1.  Location  Map. 
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ABSTRACT 


Flying  field  crickets,  Gryllus  integer  (Orthoptera;  Gryllidae),  orient  to  electric  street  lights 
in  Texas.  Although  attraction  to  lights  is  an  aberrant  aspect  of  cricket  flying  behavior,  the 
lights  served  as  traps  and  thus  permitted  an  investigation  into  several  aspects  of  cricket  flight. 
Crickets  fly  from  1-4  hrs  after  sunset  with  a  peak  in  activity  during  the  first  2  hrs.  The 
number  of  female  crickets  flying  was  significantly  greater  than  the  number  of  males.  Although 
the  total  number  of  crickets  flying  was  usually  small,  many  crickets  flew  on  some  nights.  On 
nights  characterized  by  a  large  flight,  females  were  generally  uninseminated  and  reproductively 
immature.  The  frequency  of  inseminated  and  mature  females  increased  thereafter.  Under 
normal  field  conditions,  flying  crickets  orient  to  conspecific  calling  songs  of  males  and  thus 
locate  suitable  habitats. 

INTRODUCTION 

Many  species  of  flying  insects  are  attracted  to  lights  but  the  reasons  for  this 
behavior  are  unknown.  Texas  residents  have  often  noticed  large  numbers  of  crick¬ 
ets  flying  to  street  lights  as  indicated  by  numerous  newspaper  reports  on  the 
subject.  The  first  and  apparently  only  scientific  reference  to  what  is  popularly 
termed  the  “Texas  cricket  plague”  was  by  Hunter  (1912)  who  recorded  large 
numbers  of  field  crickets,  which  he  identified  as  Gryllus  pennsylvanicus  Burmeister 
(Orthoptera;  Gryllidae),  flying  to  and  aggregating  under  lights  in  Austin,  Texas. 
Hunter’s  report  (1912)  was  a  general  survey  of  Texas  insects,  and  consequently 
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METHODS  OF  STUDY 

provided  little  information  on  cricket  phototaxis.  This  paper  reports  on  the  flying 
behavior  and  associated  reproductive  condition  of  the  field  cricket  Gryllus  integer 
Scudder,  which  is  probably  the  same  species  referred  to  by  Hunter  (1.912)  (see 
Alexander,  1957). 

This  study  was  conducted  during  August,  1974.  The  study  area  consisted  of  a 
1 -block  street  on  the  campus  of  The  University  of  Texas  at  Austin.  The  street 
was  devoid  of  cars  at  night  and  had  1 1  electric  street  lights  spaced  at  regular 
intervals  of  about  30  m  on  both  sides  of  the  street.  Crickets  were  readily  observed 
flying  to  and  landing  under  lights.  Initially,  temporal  and  sex-specific  patterns  in 
the  orientation  of  G.  integer  to  lights  were  determined  by  collecting  all  individuals 
found  in  the  street  at  sunset  and  at  1-hr  intervals  thereafter.  Once  a  temporal 
pattern  of  G.  integer  flight  to  lights  was  determined,  nightly  variations  in  the 
number  and  sex  of  light-attracted  crickets  were  determined  by  counting  with  a 
hand  counter  the  total  number  of  males  and  females  in  the  street  immediately 
after  flying  behavior  had  stopped  for  the  night.  Air  temperatures  and  sunset  times 
were  obtained  for  each  night  from  the  U.S.  Weather  Bureau  in  Austin.  The  pres¬ 
ence  or  absence  of  rain  was  recorded  for  each  day. 

Fifteen  female  G.  which  had  flown  to  lights  were  collected  each  night, 

dissected  in  the  laboratory  and  the  presence  of  eggs  was  noted.  The  spermathecae 
of  dissected  females  were  removed,  squashed  on  a  microscope  slide  and  examined 
under  a  phase  contrast  microscope  to  determine  the  presence  of  spermatozoa. 

RESULTS 

On  4  nights,  G.  integer  weie  first  observed  flying  close  to  the  electric  lights  at 
an  average  of  38  min  after  sunset  (range  =  30-45  min;  8-6  min).  Crickets  char¬ 
acteristically  made  several  wide  circular  flights  around  a  light  before  landing  in 
the  street.  After  landing,  crickets  sometimes  took  off  again,  but  usually  walked 
rapidly  until  colliding  with  the  curb.  At  the  curb,G.  integer  hecsLme  motionless 
or  walked  along  its  margin.  The  curb  served  to  keep  crickets  in  the  street  and  thus 
minimized  the  possibility  of  incorrect  counts. 

Data  regarding  the  temporal  pattern  of  G,  integer  phototaxis  are  summarized 
in  Table  1 .  The  number  of  females  flying  and  landing  was  greater  than  the  number 
of  males  on  each  of  the  4  nights  sampled  (see  next  paragraph),  but  there  were  no 
sex-specific  differences  in  the  temporal  patterns.  Both  sexes  showed  the  greatest 
number  of  flying  crickets  orienting  to  lights  between  1-2  hrs  after  sunset.  Four 
hours  after  sunset,  no  more  crickets  were  observed  flying  to  lights.  On  August  1 
observations  were  continued  until  sunrise,  but  no  flying  crickets  were  seen  late 
in  the  night. 
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TABLE  1 


The  number  of  Gryllus  integer  collected  under  electric  lights  at 
sunset  and  1-hr  intervals  thereafter  on  August  1,  2,  4  and  5,  1974, 


Hours  since 

Number  Collected/Night 

%  of  Total 

sunset 

Average 

S 

Range 

Crickets  Collected 

0 

0.00 

0.00% 

1 

18.75 

1.73 

17-20 

21.48% 

2 

42.25 

9.84 

35-55 

48.42% 

3 

21.25 

12.60 

13-40 

24.35% 

4 

5.00 

5.77 

0-15 

5.73% 

5 

0.00 

- 

- 

0.00% 

Nightly  patterns  in  the  total  number  of  male  and  female  G.  integer  landing 
under  the  lights  are  summarized  in  Fig.  1  for  the  period  August  13-29,  1974. 
Totals  of  3627  females  and  2126  males  were  counted  on  the  17  nights.  Females 
significantly  outnumbered  males  on  all  nights  when  both  sexes  were  flying 
(x^  test;p  <  0.05).  No  male  G.  zwfeger  were  counted  on  August  18.  On  August  28, 
it  rained  heavily  during  the  hours  of  peak  flying  activity  and  no  crickets  were 


DATE-AUGUST 

Figure  1.  Frequency  distribution  of  male  (black  bars)  and  female  (open  bars)  Gryllus 
integer  counted  under  electric  street  lights  during  August  1974, 
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observed  that  evening  during  the  usual  counting  period.  Rain  also  fell  in  the  gen¬ 
eral  vicinity  of  the  study  area  during  the  daylight  hours  of  August  15,17,  18  and 
21.  Air  temperatures  during  the  flying  time  each  night  ranged  from  27  -  30  C. 

Percentages  of  female  G.  integer  with  spermatozoa  in  their  spermathecae  and 
of  those  having  eggs  present  are  summarized  in  Table  2.  All  females  examined 
which  did  not  have  eggs  present  had  large  fat  reserves  (fat  bodies)  in  their  abdomens. 

TABLE  2 


Percent  female  Gryllus  integer  collected  under  lights  on  specific  nights  and 
subsequently  examined  in  the  laboratory  for  the  presence  of  spermatozoa 
contained  in  spermathecae  and  well-formed  eggs  in  the  abdomen. 


Date  -  August 

%  Females  (N  =  15) 

With  Spermatozoa 

With  Eggs 

13 

100 

87 

14 

100 

94 

15 

100 

100 

16 

100 

94 

17 

100 

100 

18 

100 

100 

19 

100 

100 

20 

100 

100 

21 

100 

100 

22 

7 

0 

23 

13 

0 

24 

47 

7 

25 

20 

20 

26 

40 

87 

27 

100 

93 

29 

100 

100 

DISCUSSION 

Flying  behavior  in  G.  integer  is  restricted  to  a  narrow  period  of  time  with  the 
greatest  amount  of  flight  occurring  from  1  -3  hrs  after  sunset .  In  the  heavier  bodied 
Florida  mole  crickets,  Scapteriscus  acletus  Rehn  and  Hebard  and  S.  vicinus 
Scudder  (Orthoptera;  Gryllotalpidae),  Ulagaraj  (1975)  found  a  similar  pattern  of 
flight  to  conspecific  songs  broadcast  by  tape  recorder.  Flowever  the  duration  of 
flying  time  in  mole  crickets  was  more  limited  with  a  peak  in  activity  occurring 
30-50  min  after  sunset  and  the  cessation  of  flying  by  70  min  after  sunset.  Reasons 
for  differences  in  flying  times  between  mole  and  field  crickets  are  unknown,  but 
the  use  of  sound  traps  in  Ulagaraj’s  study  (1975)  may  be  involved.  Also,  mole 
crickets  are  larger  and  heavier  bodied  than  field  crickets,  thus  perhaps  contributing 
to  differences  in  the  energetics  of  flying  in  the  2  orthopterans.  At  any  rate,  re¬ 
striction  of  flight  to  a  specific  period  of  time  is  characteristic  of  insects  which 
disperse  by  flying  (Johnson,  1969). 
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In  this  study,  there  were  always  more  female  G.  integer  flying  and  landing 
under  lights  than  males,  suggesting  a  skewed  sex  ratio  in  the  population.  In  field 
studies  with  a  sibling  species,  G.  rubens  Scudder  in  Florida,  males  constituted 
42%  of  the  individuals  collected  in  pitfall  traps  (Veazey,  et  al,  1976).  However 
in  crickets,  males  are  generally  captured  less  frequently  than  females  as  a  result  of 
greater  female  mobility  (Alexander,  1968).  In  G.  integer,  the  skewed  sex  ratio  of 
flying  individuals  probably  reflects  differences  in  mobility  as  laboratory  rearing 
data  indicate  a  1:1  sex  ratio  (Cade,  1979).  Ulagaraj  (1975)  also  observed  more 
female  than  male  mole  crickets  in  Hght  traps  and  a  preponderance  of  flying  females 
is  characteristic  of  dispersal  in  many  insects  (Johnson,  1969). 

On  August  22  a  large  increase  in  the  number  of  flying  G.  integer  occurred. 
The  number  of  individuals  counted  declined  gradually  on  August  23  and  24,  but 
increased  again  on  August  25  and  then  declined.  Changes  in  the  numbers  of  fliers 
corresponded  to  changes  in  the  reproductive  status  of  flying  females.  Most  of  the 
females  flying  during  the  period  August  22-26  did  not  have  spermatozoa  in  their 
spermathecae,  whereas  all  females  flying  the  preceeding  9  nights  were  insemi¬ 
nated.  On  August  27,  the  last  evening  characterized  by  an  unusually  large 
number  of  flying  crickets,  all  females  were  inseminated.  A  difference  in  the 
reproductive  condition  of  females  is  also  seen  in  the  presence  or  absence  of  eggs. 
On  August  22  and  23,  all  of  the  females  examined  had  immature  ovaries,  as 
indicated  by  the  absence  of  eggs  and  the  presence  of  large  fat  bodies  in  the  abdo¬ 
men.  The  frequency  of  re  productively  mature  females  increased  thereafter. 
Drastic  increases  in  flying  mole  crickets  (Ulagaraj,  1975)  and  in  other  insect 
species  also  occur.  Such  large  increases  often  result  from  synchronized  metamor¬ 
phosis  and  eclosion  of  individuals  within  a  population  (Johnson,  1969).  The 
appearance  of  a  high  percentage  of  females  with  fat  bodies  and  no  eggs  and  a 
decrease  in  the  percentage  of  inseminated  females  on  nights  when  large  numbers 
first  are  observed  indicate  that  flying  individuals  on  these  nights  are  newly 
eclosed  adults.  The  occurrence  of  rain  in  the  general  vicinity  of  the  study  area 
the  few  days  preceeding  the  first  large  flight  mayhave  contributed  to  the  emergence 
of  a  large  adult  population  of  G.  integer.  The  decline  in  numbers  flying  after  a 
large  flight  may  reflect  the  tendency  seen  in  other  dispersing  insect  species  for 
reproductive ly  mature  individuals  to  be  sedentary  (Johnson,  1969). 

Dispersal  by  flight  in  insects  is  usually  thought  to  be  adaptive  (Kennedy,  1975). 
G.  integer  inhabit  old  fields,  pastures  and  other  grassy  areas,  habitats  generally 
thought  to  be  unstable.  Individuals  having  long  flying  wings  (macroptery)  occur  in 
cricket  species  inhabiting  unstable  areas.  Species  found  in  more  stable  woody  areas 
are  characteristically  short-winged  or  micropterous  (Alexander,  1968). 

The  orientation  of  crickets  and  many  other  flying  insects  to  lights  is  apparently 
an  aberrant  aspect  of  flying  behavior  resulting  from  human  manipulation  of  the 
nocturnal  environment.  This  response  may  result  from  flying  insects  “mistaking” 
lights  for  celestial  cues  used  in  navigation.  At  any  rate,  flying  behavior  under 
normal  field  conditions  where  lights  are  not  present  probably  results  in  G.  integer 
dispersing  into  suitable  habitats.  Ulagaraj  and  Walker  (1973)  and  Ulagaraj  (1975) 
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believed  the  colonization  of  suitable  habitats  to  be  the  function  of  flying  behavior 
in  mole  crickets  and  they  demonstrated  that  flying  mole  crickets  orient  to  con- 
specific  songs.  Ulagaraj  and  Walker  (1973)  proposed  that  phonotaxis  by  flying 
mole  crickets  may  result  because  the  presence  of  calling  males  is  indicative  of  a 
suitable  habitat.  In  G.  integer,  flying  individuals  are  also  attracted  to  calling  songs 
suggesting  that  flight  in  field  crickets  and  the  subsequent  orientation  to  calling 
songs  result  in  the  location  of  suitable  habitats.  Uninseminated  flying  females 
locate  suitable  mates  by  landing  in  areas  where  conspecific  song  is  present  (Cade, 
1979).  Moreover,  as  was  observed,  females  should  be  more  mobile  than  males  as 
females  once  mated,  can  singly  colonize  new  areas.  Upon  location  of  a  suitable 
habitat,  however,  females  should  become  sedentary  and  commence  oviposition. 
This  result  probably  accounts  for  the  decline  in  numbers  on  nights  following  a 
large  flight.  Although  flight  in  G.  integer  under  normal  field  conditions  probably 
results  in  dispersal,  more  information  is  needed  on  the  distance  travelled  by  indi¬ 
vidual  crickets  and  on  the  cues  influencing  flight  before  the  adaptive  nature  of 
cricket  flight  can  be  ascertained  more  accurately. 
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ABSTRACT 


An  anatomical  study  on  certain  epidermal  cell  characteristics  with  3  closely  related  species 
of  Gaura  and  the  presumptive  hybrids  between  2  of  the  species  indicated  that  such  methods 
could  be  of  use  not  only  in  differentiating  such  species,  but  also  in  identification  of  their 
possible  hybrids. 

The  work  also  reiterates  the  fact  that  such  studies  may  be  of  value  in  complementing  other 
methods  commonly  used  in  plant  systematics. 

INTRODUCTION 

Often  a  major  problem  in  plant  systematics  is  the  distinguishing  of  closely  re¬ 
lated  species  and  the  identification  of  their  hybrid  forms.  One  such  group  involves 
several  self-incompatible  closely  related  species  of  including  G.  lindheimeri 
Engelm.  and  Gray,  G.  longiflora  Spach  and  G.  demareei  Raven  and  Gregory. 

G.  longiflora  (G.  filiformis)  is  the  most  widely  distributed  of  the  3  species, 
commonly  occurring  in  open  grassland  and  waste  places  from  Nebraska,  Iowa  and 
Illinois  southward  to  the  Gulf  coast.  G.  lindheimeri  is  restricted  to  the  coastal 
prairies  of  southwestern  Louisiana  and  southeastern  Texas  while  G.  demareei,  a 
species  described  by  Raven  and  Gregory  (1972)  and  considered  by  them  a  recent 
derivative  of  G.  longiflora,  occurs  in  open  meadows  in  southwestern  Arkansas. 

Both  G.  lindheimeri  and  G.  demareei  have  departed  from  the  usual  mode  of 
pollination  in  the  genus,  the  larger  flowers  opening  near  sunrise  instead  of  sunset 
and  pollinated  by  bees  rather  than  moths.  Some  hybridization  between  G.  lind¬ 
heimeri  and  G.  longiflora  occurs  where  their  ranges  overlap  and  the  2  species  are 
sufficiently  different  that  their  hybrids  can  usually  be  identified. 

'This  work  was  taken  in  part  from  a  M.  S.  thesis  in  biology  completed  by  senior  author  at 
Stephen  F.  Austin  State  University,  December,  1977. 
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A  problem  arose  when  Hoff  and  Nixon  (1977)  reported  the  existence  of  G. 
demareei  in  the  east-Texas  area  and  its  possible  hybridization  with  G.  longiflora. 
These  species  are  so  similar  their  natural  hybrids  cannot  be  determined  by  con¬ 
ventional  means.  Electrophoretic  work  by  Gottleib  and  Pilz  (1976)  on  several 
different  enzyme  systems  in  certain  Arkansas  populations  did  not  show  any  dis¬ 
tinguishable  genetic  differences  between  the  2  species. 

It  was  decided  to  determine  whether  data  derived  from  the  study  of  leaf-clear¬ 
ings  as  used  by  Wagner  (1954)  could  be  of  help  in  Gaura. 

MATERIALS  AND  METHODS 

Dried  leaf  material  from  specimens  deposited  in  the  Stephen  F.  Austin  State 
University  Herbarium  was  used  for  study.  Samples  from  4  plants  each  of  G.  dem¬ 
areei,  G.  longiflora  and  G.  lindheimeri,  as  well  as  presumptive  hybrids  between 
G.  longiflora  and  G.  lindheimeri  from  widely  different  localities  in  southwestern 
Arkansas  and  eastern  Texas,  were  utilized.  Identification  of  the  assumed  hybrids 
was  based  upon  bud  pubescence  characteristics  and  a  much  lower  degree  of  pol¬ 
len  fertility  determined  by  aniline  blue  staining. 

Pieces  of  mature  leaves  were  cleared  in  a  5%  solution  of  sodium  hydroxide 
until  all  traces  of  chlorophyll  were  removed  and  then  bleached  in  a  1:10  dilution 
of  chlorox.  After  washing,  the  material  was  run  up  through  an  alcohol  series, 
stained  in  fast  green  and  mounted  on  microscopic  slides.  Epidermal  cell  tracings 
were  then  made  with  a  camera  lucida. 

OBSERVATIONS 

Differences  in  cell  shape  and  size  among  the  various  groups  studied  are  quite 
obvious  (Fig.  1).  G.  lindheimeri  has  the  largest  epidermal  and  guard  cells  and 
characteristic  large  rounded  cells  associated  with  the  base  of  the  thick  trichomes, 
while  the  smallest  most  irregular  shaped  cells  are  found  in  G.  longiflora.  The 
hybrid  between  G.  longiflora  and  G.  lindheimeri  has  cells  that  are  definitely  inter¬ 
mediate  in  size  and  shape  between  the  parental  species. 

Cell  size  and  shape  in  G.  demareei  most  closely  resembles  G.  longiflora.  The 
average  size  of  the  guard  cells  and  base  of  the  trichomes  appear  slightly  larger  in 
G.  demareei  while  the  rest  of  its  epidermal  cells  have  a  long  axis  that  averages 
slightly  smaller  and  a  short  axis  that  is  slightly  longer  than  those  of  G.  longiflora. 

The  long  and  short  axis  of  100  cells  on  each  of  the  16  specimens  were  measured. 
An  analysis  of  variance  indicated  a  significant  difference  among  all  groups  with 
the  exception  of  G.  demareei  and  G.  longiflora.  Hybrids  between  these  2  species 
probably  would  be  difficult  to  identify  by  cell  size.  An  average  of  the  measure¬ 
ments  of  each  plant  is  plotted  in  the  form  of  a  scatter  diagram  in  Fig.  2. 

Simple  anatomical  studies  such  as  this  show  that  such  methods  can  be  of 
value  in  systematic  analysis. 
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Figure  1.  Leaf  epidermal  cell  tracings  of  various  taxa  studied.  Arrows  mark  base  of  tri- 
chome  and  associated  cells.  (A)  G.  lindheimeri.  (B)  G.  longiflora.  (C)  presump¬ 
tive  hybrid  G.  lindheimeri  x  G.  longiflora.  (D)  G.  demareei. 
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Figure  2.  Scatter  diagram  showing  distribution  of  various  groups  studied  based  on  leaf 
epidermal  cell  means.  Long  axis  plotted  along  obscissa,  short  axis  along  ordinate. 
G.  longiflora,  □;  G.  lindheimeri,  ■;  hybrid,  G.  lindheimeri  x  G.  longiflora,  A; 
G.  demareei,  o. 
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ABSTRACT 


A  new  structure,  the  supra-stomal  organ,  has  been  found  in  the  lobster,  Homarus  ameri- 
canus.  The  structure  is  a  thin  yellow-colored  strip  of  tissue  which  lies  symmetrically  across 
the  midhne  (long  axis)  just  rostrad  and  dorsal  to  the  esophagus  and  directly  dorsal  to  the 
mouth  parts.  The  green  glands  lie  at  its  lateral  extremities.  The  structure  is  spindle-shaped 
with  its  greatest  diameter  at  the  midline;  it  tapers  laterally  towards  the  green  glands.  Light 
and  electron  microscopy  elucidated  abasement  membrane  attaching  the  supra-stomal  organ 
to  the  skeletal  ridge  upon  which  it  rests.  A  fibrous  stroma  composes  the  central  bulk  of  the 
structure,  and  a  secretory  columnar  epithelium  projects  toward  the  hemocoel.  The  entire 
organ  is  covered  by  a  membrane  which  lines  the  hemocoel, 

INTRODUCTION 

We  have  been  interested  in  identifying  the  in  situ  synthetic  pathway  leading 
to  the  crustacean  molting  hormones,  ecdysone  and  crustecdysone,  from  their 
most  probable  dietary  precursor,  cholesterol  (Gagosian,  et  aL,  1975).  To  this  end 
we  have  used  the  lobster  Homarus  americanus  as  an  experimental  animal.  Clearly 
in  such  a  study  it  would  be  advantageous  to  know  the  site(s)  of  steroidogenesis. 
Unfortunately,  considerable  controversy  existed  over  the  location  of  the  presumed 
molt-controlling  Y-organ  in  Homarus.  A  second  organ,  the  mandibular  gland,  had 


^Taken  from  the  Ph.D.  thesis  of  C.  J.  Gaston,  May,  1978, 
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often  been  mistakenly  identified  as  the  Y-organ  (Sochasky  and  Aiken,  1972).  This 
confusion  was  resolved  by  LeRoux  (1974)  who  carefully  drew  the  distinction  between 
the  two  organs  and  their  respective  locations.  Subsequently,  Burghause  (1975) 
accurately  located  and  described  the  Y-organ  in  the  astacuran,  limosus. 

As  a  part  of  our  study,  a  series  of  experiments  on  cholesterol  uptake  and  turn¬ 
over  in  various  organs  of  the  lobster  was  initiated.  These  experiments  were  designed 
very  much  along  the  lines  of  the  published  study  of  Spanziani  and  Kater  (1973) 
on  the  crab  Hemigrapsus.  We  purchased  Maine  lobsters  taken  from  the  wild  from 
Northeast  Marine  Specimens  of  Woods  Hole,  Massachusetts.  The  live  animals  were 
flown  to  Fort  Worth,  Texas  in  iced  containers  and  once  in  our  laboratory  were 
maintained  in  reconstituted  sea  water.  One  marine  tank  was  held  at  3-8  C  to  keep 
animals  in  readiness  for  experimentation.  A  second  tank  was  held  at  18  C  to 
maintain  our  experimental  animals  at  conditions  standardized  to  those  of  Aiken 
(1973)  whose  setal  method  of  molt-cycle  staging  was  used. 

In  the  course  of  ablating  and  identifying  various  lobster  tissues,  a  new  structure 
was  encountered.  We  attempted  to  identify  this  structure  from  standard  references 
(Lockwood,  1967,  Waterman,  1960),  and  by  consultation  with  established 
laboratories.^  As  it  became  apparent  that  this  structure  had  not  been  previously 
described,  we  subjected  it  to  the  same  scrutiny  as  that  being  directed  towards 
the  Y-organ  and  mandibular  gland  in  Homanis. 

We  propose  to  call  this  new  structure  the  supra-stomal  organ  in  accordance 
with  its  location  in  the  animal.  This  organ  is  a  thin  strip  of  cream-yellow  tissue 
lying  symmetrically  across  and  at  right  angles  to  the  long  body  axis  of  the  animal 
and  in  contact  with  the  hemocoel.  It  is  located  Just  dorsal  to  the  mouth  parts 
(Fig.  1).  As  seen  in  situ  it  lies  on  a  caudal  inward  projection  of  the  exoskeleton 
which  extends  between  the  green  glands.  The  structure  is  spindle-shaped  being 
thickest  at  the  midline  and  tapering  uniformly  in  both  lateral  projections  toward 
the  green  glands.  In  situ  examination  with  a  dissecting  microscope  did  not  reveal 
any  anatomical  connection  between  the  supra-stomal  organ  and  the  green  glands. 
Neither  ducts  nor  blood  vessels  were  grossly  associated  with  it.  The  structure  was 
held  in  place  by  its  own  basement  membrane  attached  to  the  skeleton  and  was 
overlain  by  the  thin  membrane  which  lines  the  hemocoel.  In  female  lobsters 
weighing  ca.  400-500  g,  it  measures  ca.  5-6  mm  in  length  by  1  mm  in  width  at 
the  mid -sagittal  region,  and  it  has  a  wet  tissue  weight  of  ca.  40  mg.  This  structure 
was  observed  in  over  24  animals  comprised  ofboth  sexes  but  all  material  processed 
for  microscopy  was  from  female  animals. 

The  internal  structure  of  the  supra-stomal  organ  was  revealed  by  light  micro¬ 
scopy  of  serial  paraffin  sections.  The  structure  was  fixed  in  Bouin’s  fluid,  5  pm 
sections  were  made  on  an  AO  model  820  microtome.  Sections  were  stained  with 
Harris-hematoxylin  and  counterstained  with  eosin.  Proceeding  from  the  hemocoel 
surface  to  the  interior  of  the  supra-stomal  organ  one  encounters  (1)  the  thin 


^The  Smithsonian  Institute,  Washington,  D.C.,  and  the  U.S.  Fisheries  Laboratory,  (NOAA), 
Galveston,  Texas. 
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Figure  1.  Diagrams  of  Homarus  americanus  showing  the  location  of  various  body  organs 
in  relationship  to  the  supra-stomal  organ:  a)  Saggital  section,  b)  Transverse 
section,  and  c)  horizontal  section. 
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membrane  lining  the  hemocoel,  (2)  a  single  stratum  of  secretory  columnar  epithe¬ 
lium  directed  towards  the  hemocoel,  and  (3)  a  fibrous  stroma  interposed  between 
the  columnar  epithelium  and  the  basement  membrane  which  holds  the  structure 
to  the  skeletal  ridge  (Fig.  2).  A  few  large  granules  and  hemolymphocytes  are  located 
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Figure  2.  Diagramatic  mid-sagittal  section  of  the  supra-stomal  organ  of  Hormrus  americanus. 

in  the  fibrous  stroma  and  smaller,  darker-staining  granules  are  found  at  the  edge 
of  the  stroma  abutting  against  the  skeletal  ridge.  The  medial  portion  of  the  supra- 
stomal  organ  contains  tegumental  glands  with  their  ducts  projecting  to  the  sup¬ 
porting  skeletal  ridge.  Historically  these  glands  have  been  thought  to  contribute 
enzymes  which  harden  and  stabilize  the  exocuticle  (Dennell,  1960),  and  they 
have  been  observed  to  undergo  morphological  alterations  during  the  molt  cycle 
in  previous  studies  and  during  stage  in  our  experiments.  Towards  the  medial 
region  of  the  supra-stomal  organ,  a  slight  projection  of  the  structure  extends  into 
the  hemocoel,  and  this  bulge  prolapses  at  the  midline. 

Electronmicroscopy  of  the  columnar  epithelial  cells  of  the  supra-stomal  organ 
from  an  intermolt  lobster  indicated  that  they  are  of  uniform  appearance.  The 
nuclei  are  of  irregular  shape;  they  contain  ample  amounts  of  heterochromatin, 
and  a  granular  inclusion  distinct  from  the  nucleolus  is  present.  Golgi  bodies  and 
mitochondria  are  found  in  the  cytoplasm,  but  neither  are  abundant.  Lysosomes 
are  numerous,  and  membrane-limited  vacuoles  lined  with  ribosomes  on  the  cyto¬ 
plasmic  surface  are  present. 
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These  cells  became  ultrastructu rally  altered  in  the  premolt  animal  (Aiken’s  setal 
stage  Dq  (2.0-2 .5)).  The  amount  of  heterochromatin  in  premolt  nuclei  is  sub¬ 
stantially  reduced  and  the  nucleoplasm  of  most  nuclei  becomes  more  homogeneous 
in  electron  density.  These  nuclei  produce  ribosome -studded  vacuoles  by  the  pro¬ 
cess  of  “blebbing”  from  nuclear  envelopes  (Fig.  3).  The  columnar  epithelial  cells 
release  these  vacuoles  as  an  aposecretion  into  the  hemocoel  (Fig.  4). 


Figure  3.  Electronmicrograph  of  portions  of  2  adjacent  columnar  epithelial  cells  in  a  supra- 
stomal  organ  from  a  premolt  lobster  (Aiken’s  setal  stage  Dq  2. 0-2.5).  L=lysosome; 
RV=ribosome-lined  vacuole;  arrow  indicates  vacuole  blebbing  from  the  nuclear 
envelope.  10,850  x. 

A  brief  summary  of  comparisons  between  the  Y-organ  and  the  supra-stomal 
organ  include:  (1)  both  possess  large  granules  of  similar  size  and  contents  (elec- 
tronmicroscopic  observations;  (2)  both  lie  on  or  in  exoskeletal  specializations; 
(3)  both  possess  tegumental  glands  which  apparently  function  to  maintain  the 
skeletal  specializations  associated  with  the  respective  organs;  (4)  nuclear  ultra¬ 
structure  in  both  is  modified  similarly  during  the  course  of  the  molt  cycle;  (5)  no 
vasculature  invades  either  organ,  and  (6)  hemolymphocytes  perfuse  the  loose 
connective  tissue  stroma  present  in  both  organs.  We  have  described  a  new  gross 
anatomical  structure  in  Homarus  americanus  (the  supra-stomal  organ).  Compari¬ 
sons  made  above  with  the  Y-organ  suggest  that  it  may  participate  in  regulation 
of  the  molting  process  or  it  may  be  an  extension  of  the  Y-organ  system.  In  any 
event,  further  studies  will  be  necessary  to  explicitly  elucidate  the  function  of 
the  supra-stomal  organ. 
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Figure  4.  Electronmicrograph  of  columnar  cells  adjacent  to  the  hemocoel  in  the  supra- 
stomal  organ  from  a  premolt  lobster  (Aiken’s  setal  stage  Dq  2.0-2 ,5).  “H” 
indicates  the  hemocoel,  the  2  short  arrows  indicate  microtubules,  and  the  3 
long  arrows  indicate  ribosome-lined  vacuoles.  15,900  x. 
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ABSTRACT 


The  vegetation  of  a  tropical  cloud  forest  in  northern  Mexico  was  analyzed  by  the  point- 
quarter  and  line  intercept  methods  to  determine  the  relative  density,  relative  dominance, 
relative  frequency  and  importance  values  of  the  woody  and  herbaceous  species.  The  flora  of 
the  study  site,  near  Gomez  Farias,  Tamaulipas,  Mexico,  represents  a  unique  mixture  of  tem¬ 
perate  and  tropical  taxa.  Based  on  importance  values,  the  upper  woody  stratum  was  dom¬ 
inated  by  oak  {Quercus  sartorii  Liebm.),  sweet  gum  {Liquidambar  styraciflua  L.),  Turpinia 
occidentalis  (Swartz)  Don  and  Clethra  macrophylla  Mart,  and  Gal.  The  lower  woody  stratum 
consisted  largely  of  Solarium  nudum  H.B.K.  and  Ampelopsis  mexicana  Rose.  A  total  of  27 
herbaceous  species  were  encountered.  Dominant  syQCiQS  includQd  Aneilema geniculata  (Jacq.) 
Woods  and  Ichnanthus  nemorosus  (Sw.)  Doll.  The  results  of  this  study  indicate  a  vegetation 
dominated  by  temperate  taxa  with  a  significant  representation  of  species  with  tropical  af¬ 
finities. 


INTRODUCTION 

Tropical  cloud  forest  vegetation  of  Mexico  includes  only  0.5%  of  the  total 
land  area  of  Mexico  (Leopold,  1950).  The  major  area  of  cloud  forest  vegetation 
occurs  along  the  crest  of  the  Sierra  Madre  de  Chiapas.  Other  sizeable  units  occur 
in  portions  of  Chiapas,  Oaxaca,  San  Luis  Potosi  and  Guerrero.  Cloud  forest  veg¬ 
etation  is  also  found  in  isolated  areas  of  southern  Vera  Cruz  (Leopold,  1950). 
The  northernmost  extension  of  the  tropical  cloud  forest  formation  is  located  in 
southern  Tamaulipas  where  the  present  study  site  is  located  (Fig.  1).  The  nearest 
tropical  cloud  forest  is  approximately  150  km  south  of  the  study  site  at  Xilitla, 
San  Luis  Potosi  (Martin,  1955).  Scattered  areas  of  tropical  cloud  forest  in  Mex¬ 
ico  are  inadequately  known  due  to  their  inaccessibility. 

In  a  general  discussion  of  cloud  forest  vegetation  in  Mexico,  Leopold  (1950) 
identified  the  dominants  as  various  species  of  pine  or  oak  along  with  many  tem¬ 
perate  hardwoods  of  Appalachian  affinities.  He  characterized  the  understory  as 


Accepted  for  publication:  June  5,  1978. 

The  Texas  Journal  of  Science,  Vol.  XXXI,  No.  2,  June,  1979. 


144 


THE  TEXAS  JOURNAL  OF  SCIENCE 


containing  giant  Equisetum,  begonias,  bromeliads,  orchids,  and  various  climbing 
forms.  He  indicated  that  “tree  ferns”  are  perhaps  the  best  plant  indicator  species 
for  cloud  forest  formations. 


Figure  1.  Location  map  of  the  study  site. 

Study  of  the  flora  and  vegetation  of  the  cloud  forest  at  the  present  study  site 
is  limited  and  most  investigation  has  been  directed  toward  listings  of  common  or 
unusual  species  (Hernandez  X.,  et  al,  1951;  Martin,  1958).  Lonard  and  Ortega 
(in  preparation)  have  produced  keys  for  the  common  trees,  shrubs  and  woody 
vines  of  the  study  area,  but  no  quantitative  data  have  been  reported  from  the 
study  site. 

Shanks  (1954)  reported  limited  quantitative  data  from  an  area  near  the  upper 
limits  of  the  cloud  forest  near  the  study  site  at  Ojo  de  Agua  de  los  Indios.  His 
study  area  was  305  m  above  the  present  study  site.  Based  on  mean  number  of 
trees  and  mean  basal  area/acre,  Fagus  mexicana  Martinez,  L.  styraciflua  L., 
Quercus  sp.,  and  Magnolia  schiedeana  Schlect.  were  the  dominant  species. 

The  region  in  the  immediate  area  of  the  study  site  is  subject  to  hurricanes  and 
occasional  fire  damage.  In  late  1970  and  early  1971,  a  fire  swept  through  much 
of  the  forested  area  on  the  mountainsides  northwest  of  Gomez  Farias.  The  study 
area  was  only  slightly  affected  by  the  fire  and  the  quantitative  data  presented 
represents  an  inventory  of  the  vegetation  of  the  cloud  forest  for  future  ecological 
studies. 
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DESCRIPTION  OF  THE  STUDY  SITE  AND  CLIMATE 

The  study  site  is  5  km  northwest  of  Gomez  Farias  at  Rancho  del  Cielo  in  the 
state  of  TamauHpas  (Fig.  1)  or  approximately  68  km  south  of  the  Tropic  of  Cancer 
(23.7°  N  lat.,  99.48°  W  long.).  Rancho  del  Cielo  is  located  on  the  east  facing 
slopes  of  the  Sierra  de  Guatemala  range  of  the  Sierra  Madre  Oriental  mountains. 
Although  isolated  mountain  peaks  surrounding  the  study  site  reach  an  altitude 
of  1912  m,  the  elevation  at  Rancho  del  Cielo  is  1144  m. 

The  Sierra  Madre  Oriental  mountains  were  formed  by  an  uplift  during  the 
Middle  and  Upper  Cretaceous.  Three  geological  formations  of  significance  are 
the  El  Abra  Limestone  (a  facies  of  Tamabara  limestone),  San  Felipe  Limestone 
and  Mendez  Shale.  The  geology  of  the  study  site,  largely  formed  from  El  Abra 
Limestone,  is  complicated  by  the  development  of  karst  topography  which  produces 
numerous  sink  holes  of  various  depths  and  diameters,  efficient  surface  water  drain¬ 
age,  and  an  abundance  of  pinnacles  and  limestone  spires.  The  soil,  rich  in  humus, 
is  confined  to  shallow  pockets  and  limestone  crevices  (Martin,  1958). 

Climatic  data  for  Rancho  del  Cielo  is  limited.  Martin  (1958)  reported  a  mean 
annual  temperature  of  19.4  C.  Erratic  changes  in  temperature  are  typical  of  the 
“dry”  season  from  September  -  April,  when  northerly  winds  and  cool  temper¬ 
atures  may  be  followed  abruptly  by  hot,  clear  days.  Hernandez  X.,  et  al,  (195 1) 
reported  a  minimum  temperature  of  -6  C  and  a  maximum  of  33  C.  Temperatures 
during  the  “wet”  season  are  warmer  and  more  constant  and  do  not  reach  the 
temperature  extremes  attained  during  the  “dry”  season. 

Precipitation  is  seasonal  and  falls  principally  from  June  -  September.  Average 
annual  precipitation  estimates  range  from  1778-3556  mm.  Much  of  the  rainfall, 
however,  is  lost  due  to  the  porosity  of  the  limestone  bedrock  and  the  shallowness 
of  the  soil.  Evaporation  rates  are  moderated  by  the  insulation  of  clouds  and  abun¬ 
dant  fog. 


METHODS  AND  PROCEDURES 

Sample  data  for  trees  were  collected  by  the  standard  point -quarter  method 
(Cottam,  et  al,  1953).  The  line  intercept  method  (Canfield,  1941)  was  utilized 
to  obtain  data  for  shrubs,  woody  seedlings  and  herbaceous  species.  On  the  moun¬ 
tain  slopes,  lines  for  the  point-quarter  and  line  intercept  methods  were  run  on 
the  contour  20  m  between  successive  points.  Five  parallel  lines  of  points  were 
made.  Sampling  sites  were  distributed  on  similar  slope  exposures  on  the  moun¬ 
tainside  although  it  was  not  possible  to  achieve  complete  randomization  due  to 
the  rugged  topography.  Sites  were  selected  arbitrarily  within  a  continuous,  rela¬ 
tively  undisturbed  forest.  From  the  data  collected,  relative  density,  relative  dom¬ 
inance,  relative  frequency  and  importance  values  were  determined.  Voucher  spec¬ 
imens  are  on  file  in  the  following  herbaria:  PAUH,  HPC,  TEX,  TAES,  and  Texas 
Southmost  College  (Index  Herbariorum  I,  1974). 
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RESULTS 

Woody  Vegetation 

Stratification  was  evident  in  the  study  area.  Based  on  importance  values  (Table  1), 
Q.  sartorii  L.  (Fig.  2)  was  the  dominant  species  in  the  upper  level  followed  in 
order  by  L.  styraciflua  L.,  T.  occidentalis  (Swartz)  Don,  C  macrophylla  Mart, 
and  Gal.,  Q.  germana  Cham,  and  Schlecht  2LndMeliosma  oaxacana  Standi.  A  total 
of  22  species  (>  5  cm  dbh)  were  encountered  in  102  point-quarter  samples.  All 
of  the  dominant  species  with  the  exception  of  M.  oaxacanahdiVQ  prominent  trunk 
bases,  slender  columnar  trunks  that  did  not  branch  until  near  the  apex,  and  thin, 
smooth  bark  as  described  by  Richards  (1952)  for  those  species  characteristic  of 
tropical  rain  forests.  Dominant  shrubs,  woody  vines  and  tree  seedlings  (Table  2) 
were  Solanum  nudum  H.B.K.,yl.  mexicana  Kose.,Smilax  ^p.,Psychotria  papant- 
lensis  (Oerst.)  Hemsl.,  Podocarpus  reichei  Bucholz  and  Gray,  and  Cary  a  ovata 
(MiU.)  K.  Koch  var.  mexicana  (Engelm.)  Manning. 

TABLE  1 

Relative  Density,  Relative  Dominance,  Relative  Frequency,  and  Importance 
Values  of  Tree  Species  at  Rancho  del  Cielo 


Species 

Relative 

Density 

Relative 

Dominance 

Relative 

Frequency 

Importance 

Value 

Quercus  sartorii 

25.0 

39.7 

24.0 

88.7 

Liquidambar  styraciflua 

13.8 

25.2 

10.2 

49.2 

Turpinia  occidentalis 

8.8 

15.5 

5.5 

29.8 

Clethra  macrophylla 

lA 

8.9 

7.4 

23.7 

Quercus  germana 

8.8 

2.2 

11.1 

22.1 

Meliosma  oaxacana 

9.1 

2.7 

10.2 

22.0 

Ternstroemia  sylvatica 

5.9 

0.7 

6.5 

13.1 

Cary  a  ovata  var.  mexicana 

4.9 

1.9 

4.6 

11.4 

Eugenia  capuli 

4.2 

0.6 

3.7 

8.5 

Podocarpus  reichei 

2.9 

0.6 

3.1 

6.6 

Sapindus  saponaria 

0.3 

0.0 

4.6 

4.9 

Tilia  houghi 

1.5 

0.7 

1.5 

3.7 

Magnolia  schiedeana 

1.2 

0.3 

1.8 

3.3 

Cnidoscolus  urens 

1.2 

0.0 

1.2 

2.4 

Herbaceous  Vegetation 

The  herbaceous  flora  consisted  of  27  species  within  the  study  area.  The  dom¬ 
inant  species  based  on  importance  values  (Table  3)  were  geniculata  (Jacq.) 
Woods  and  /.  nemorosus  (Sw.)  Doll.  A.  geniculata  was  dominant  where  the  forest 
canopy  was  continuous  while  /.  nemorosus  was  the  prevalent  species  where  breaks 
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Figure  2.  Quercus  sartorii  Liebm.,  the  dominant  taxon  in  a  tropical  cloud  forest  near 
Gomez  Farias,  Tamaulipas,  Mexico. 
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in  the  canopy  occurred.  Other  herbs  of  importance  in  the  study  area  included 
Desmodium  sp.,  Asplenium  sp.,Melothria  pendula  L.  and  Phytolacca  rivinoides 
Kunth  and  Bouche. 


TABLE  2 

Relative  Density,  Relative  Dominance,  Relative  Frequency  and  Importance 
Values  of  Shrubs,  Woody  Vines,  and  Tree  Seedlings  at  Rancho  del  Cielo 


Species 

Relative 

Density 

Relative 

Dominance 

Relative 

Frequency 

Importance 

Value 

Solarium  nudum 

3.1 

5.6 

8.5 

17.2 

Ampelopsis  mexicana 

3.3 

4.9 

5.4 

13.6 

Smilax  sp. 

1.2 

3.1 

3.1 

7.4 

Psychotria  papantlensis 

1.0 

3.3 

3.1 

7.4 

Podocarpus  reichei 

0.8 

2.8 

2.3 

5.9 

Cary  a  ovata  var.  mexicana 

0.6 

4.0 

1.5 

6.1 

Eugenia  capuli 

0.4 

3.7 

1.5 

5.6 

Cnidoscolus  mens 

0.6 

2.5 

2.3 

5.4 

Unidentified  woody  seedling 

1.5 

0.3 

3.1 

4.9 

TABLE  3 

Relative  Density,  Relative  Dominance,  Relative  Frequency  and  Importance 
Values  of  Herbaceous  Species  at  Rancho  del  Cielo 


Species 

Relative 

Density 

Relative 

Dominance 

Relative 

Frequency 

Importance 

Value 

Aneilema  geniculata 

43.0 

20.8 

12.3 

76.1 

Ichnanthus  nemorosus 

29.1 

7.5 

9.2 

45.8 

Desmodium  sp. 

2.1 

3.1 

1.5 

6.7 

Asplenium  sp. 

1.2 

1.3 

3.1 

5.6 

Melothria  pendula 

1.7 

1.1 

2.3 

5.1 

Phytolacca  rivinoides 

0.4 

2.8 

1.5 

4.7 

Cyperus  sp. 

0.8 

0.8 

1.5 

3.1 

Ipomoea  sp. 

0.6 

0.6 

1.5 

2.7 

Senecio  confusus 

0.2 

1.4 

0.8 

2.4 

DISCUSSION 

The  northernmost  tropical  cloud  forest  in  Mexico  at  Rancho  del  Cielo  is  char¬ 
acterized  by  dominant  species  that  are  of  both  temperate  and  tropical  origin.  Oaks 
and  sweet  gum  have  high  importance  values  but  T,  occidentalis,  M.  oaxacana  and 
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Temstroemia  sylvatica  Schlecht  and  Cham.,  species  of  tropical  origins,  play  an 
important  role  in  the  vegetational  dynamics  of  the  cloud  forest. 

The  shrub  and  vine  layer  was  dominated  by^S*.  nudum  H.  B.  K.  and^.  mexicana 
Rose.  There  is  some  question  about  the  tropical  affinities  of  these  species  because 
both  genera  are  well  represented  in  the  tropics  and  temperate  zones.  P.  papant- 
lensis  and  Podo carpus  reichei  were  among  those  species  with  high  importance 
values  that  have  tropical  relationships. 

Many  of  the  herbaceous  species  on  the  forest  floor  are  represented  in  both 
tropical  and  temperate  zones.  However,  the  tropical  grass  /,  nemorosus  has  a  high 
importance  value. 

Our  data  supports  the  basic  premise  that  this  cloud  forest  is  a  mixture  of 
species  with  both  Appalachian  and  tropical  affinities.  Our  results,  however,  do 
not  agree  with  Leopold’s  (1950)  statement  that  tree  ferns  are  indicators  of  cloud 
forest  vegetation.  Some  large  herbaceous  ferns  are  present  but  are  not  visual  in¬ 
dicators  of  cloud  forest  vegetation.  P.  reichei,  although  it  does  not  have  a  high 
importance  value,  is  the  best  indicator  species  of  the  cloud  forest  formation.  Giant 
equisetums  were  absent  from  the  study  site. 

ACKNOWLEDGEMENTS 

We  wish  to  acknowledge  the  assistance  of  Mrs.  Barbara  Warburton  of  Texas 
Southmost  College.  We  are  also  indebted  to  the  graduate  students  of  Pan  American 
University  who  aided  in  compiling  field  data  and  to  Drs.  Marshall  Johnston,  B.  L. 
Turner,  Frank  Gould,  and  Mr.  Rodney  Sullivan  for  their  assistance  in  identifying 

plant  specimens. 

LITERATURE  CITED 

Canfield,  R,,  1941— Application  of  the  line  interception  method  in  sampling  range  vegetation. 
/,  Forestry,  39:388. 

Cottam,  G.,  J.  T.  Curtis,  and  B.  W.  Hale,  1953-Some  sampling  characteristics  of  a  popula¬ 
tion  of  randomly  dispersed  individuals.  Ecol,  34:741. 

Hernandez  X.,  E.,  H.  Crum,  W.  B.  Fox  and  A.  J.  Sharp,  195  1-A  unique  vegetational  area  in 
Tamaulipas.  .Rw//.  Torr.  Bot.  Club,  78:458. 

Holmgren,  P.  K.,  and  W.  Keuken,  1914-Index  Herbariorum,  Part  I:  The  Herbaria  of  the 
World.  International  Association  for  Plant  Taxonomy,  Urtrecht,  Netherlands,  p.  397. 

Leopold,  A.  S.,  1950-Vegetation  zones  of  Mexico.  E’co/.,  31:507. 

Lonard,  R.  L,  and  J.  Ortega,  1975 -Common  Trees,  Shrubs  and  Woody  Vines  of  Rancho 
del  Cielo,  Mexico.  (Mimeographed). 

Martin,  P.  S.,  1955 -Zonal  distribution  of  vertebrates  in  a  Mexican  cloud  forest.  Amer.  Nat., 
89:347. 


150 


THE  TEXAS  JOURNAL  OF  SCIENCE 


- 1958-A  biogeography  of  reptiles  and  amphibians  in  the  Gomez  Farias  region, 

Tamaulipas,  Mexico.  Misc.  Publ,  No-101,  Museum  of  Zoo.,  Univ.  Michigan,  102  pp. 

Richards,  P.W.,  \9S1-The  Tropical  Rainforest,  An  Ecological  Study,  1st  Ed.  Cambridge 
Univ.  Press,  London,  450  pp. 

- ,  1966-The  Tropical  Rainforest,  An  Ecological  Study,  2nd  Ed.  Cambridge  Univ. 

Press,  London,  450  pp. 

Shanks,  R.  E.,  1954— Plotless  sampling  trials  in  Appalachian  forest  types.  Ecol,  35:237. 


SEXUAL  DIFFERENCES  IN  AROMATASE  ACTIVITY  OF  RAT 
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ABSTRACT 

The  aromatase  enzyme  activity  of  male  and  female  rat  liver  microsomes  was  determined 
using  a  radioenzymatic,  tritiated  water  production  technique.  Aromatase  enzyme  activity 
was  found  in  the  mature  rat  liver  microsomes  of  both  sexes  and  was  significantly  higher 
(P  <  .05)  in  the  female  than  in  the  male. 

INTRODUCTION 

Various  researchers  have  shown  that  activities  of  numerous  enzymes  which 
regulate  steroid  metabolism  in  the  rat  liver  are  hormonally  regulated  and  thus 
vary  with  the  sex  (Gustafsson  and  Ingelman-Sundberg,  1974;  Gustafsson  and 
Stenberg,  1974a;  Gustafsson  and  Stenberg,  1974b).  Some  enzymes  (i.e.,  \la- 
hydroxysteroid  dehydrogenase)  were  found  to  be  programmed  during  the 
neonatal  period  and  were  reversibly  inducible  by  androgens  while  others  (i.e., 
SjS-reductase)  were  irreversibly  “imprinted”  by  androgens  during  the  prepubertal 
period  and  were  reversibly  suppressed  by  androgens  postpubertally  (Gustafsson 
and  Stenberg,  1974a).  At  least  one  enzyme  (1 5)3 -hydroxylase)  was  irreversibly 
suppressed  by  androgens  (Gustafsson  and  Ingelman-Sundberg,  1974). 

The  aromatase  enzyme  which  converts  androgens  to  estrogens  in  steroidogenic 
tissues  has  been  reported  in  human  fetal  hepatic  tissues  (Jungmann,  et  al.,  1966) 
and  in  human  adult  liver  homogenates  (Smuk  and  Schwers,  1977).  Reports  of 
hepatic  aromatase  activity  in  other  species  or  of  any  sex  differences  in  any  species 
have  not  been  found.  This  study  was  undertaken  to  determine  the  aromatase 
enzyme  activity  in  rat  liver  microsomal  preparations  and,  if  present,  to  determine 
if  there  were  any  sexual  differences. 
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MATERIALS  AND  METHODS 

Sucrose,  tris  base,  tris  HCl,  scintillation  phosphors,  Triton  X-100,  and  reduced 
nicotinamide  adenine  dinucleotide  phosphate  (NADPH)  were  obtained  from 
Sigma  Chemical  Company  (St.  Louis,  Mo.).  The  1 ,2-tritiated-androst-4-ene-3,17- 
dione  (androstenedione)  was  from  New  England  Nuclear  (Boston,  Mass.)  and  was 
purified  prior  to  use  on  a  microcelite  column  as  previously  described  by  Walsh, 
et  al,{\916). 

The  tissues  used  in  this  study  were  from  mature  (300-400  g)  male  and  female 
Sprague-Dawley  rats  raised  in  our  animal  facilities.  The  rats  were  terminated  by 
cervical  dislocation  and  the  livers  were  excised  and  chilled  in  ice-cold  saline. 
After  weighing,  each  liver  was  homogenized  in  0.25  M  sucrose  (1:2,  wtrvol)  and 
subjected  to  ultracentrifugation  to  collect  the  microsomal  fraction  as  previously 
described  by  Thompson  and  Siiteri  (1974).  Each  microsomal  pellet  was  resus¬ 
pended  in  5  ml  of  0.25  M  sucrose,  divided  into  1  ml  fractions  and  frozen  at -20  C. 
One  of  the  1  ml  fractions  was  later  thawed  and  utilized  to  determine  the  pro¬ 
tein  concentration  using  the  method  of  Lowry,  et  al.  (1951). 

Aromatase  enzyme  activity  in  each  microsomal  preparation  was  determined 
by  measuring  the  tritiated  water  produced  during  the  aromatization  of  the 
tritiated  androgen  to  estrogen.  This  technique  was  described  by  Thompson  and 
Siiteri  (1974)  and  has  been  thoroughly  tested  by  Reed  and  Ohno  (1976).  Opti¬ 
mal  incubation  conditions  were  determined  by  varying  the  substrate  (1,2-^H- 
androstenedione)  concentration,  cofactor  (NADPH)  concentration,  and  micro¬ 
somal  protein  concentration.  Dilutions  were  made  with  0.05  M  tris  buffer,  pH 
7.4.  Adopted  assay  prodedure  and  concentrations  were  as  follows.  Approxi¬ 
mately  3.36  jKci  of  the  1 ,2-^H-androstenedione  (45  ci/mmol)  in  ethanol  were 
added  to  each  incubation  tube  and  the  ethanol  was  evaporated  under  a  stream 
of  nitrogen.  Each  microsomal  preparation  was  thawed,  diluted  to  a  final  protein 
concentration  of  1  mg/ml  and  0.4  ml  of  this  dilution  were  added  to  the  incuba¬ 
tion  tube.  After  prewarming  for  10  minutes  at  37  C,  0.1  ml  of  0.5  mM  NADPH 
was  added  to  begin  the  reaction.  Controls  for  each  microsomal  preparation 
received  0.1  ml  of  tris  buffer  in  place  of  the  NADPH.  Incubations  were  carried 
out  in  duplicate  at  37  C  for  2,  4,  and  6  min  intervals  and  were  terminated  by 
addition  of  0.1  ml  of  a  solution  containing  10%  trichloroacetic  acid  (TCA)  and 
5%  activated  charcoal.  Upon  centrifugation,  the  TCA-denatured  proteins  and  the 
charcoal -bound  tritiated  steroids  were  precipitated  leaving  an  aqueous  material 
containing  the  tritiated  water.  A  0.2  ml  aliquot  of  each  aqueous  supernatant  was 
counted  in  a  Nuclear-Chicago,  Model  6850,  Liquid  Scintillation  Counter  to 
determine  the  amount  of  tritiated  water  produced.  The  scintillation  cocktail 
contained  4.0  g  of  PPO,  0.05  g  of  POPOP,  1  Cof  toluene,  0.5  9.  of  Triton  X-100 
and  0.1 5  C  of  water. 
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Figure  1.  Aromatase  enzyme  activity  in  hepatic  microsomal  preparations  from  male 
(n=ll)  and  female  (n=  10)  adult  rats.  Details  of  incubation  parameters  and 
statistics  are  described  in  the  text. 
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RESULTS  AND  DISCUSSION 

Aromatase  enzyme  activities  in  the  hepatic  microsomal  preparations  from 
mature  male  and  female  rats  are  shown  in  Fig.  1.  Tritiated  water  production 
was  linear  over  the  6-min  period  and  the  regression  significance  was P <.001  for 
the  male  and  P<.0005  for  the  female.  The  slope  of  the  line  representing  the  en¬ 
zyme  activity  from  females  is  significantly  greater  (P <.05,  one-tailed  t  test)  than 
that  of  the  males  which  indicates  that  the  enzyme  is  more  active  in  the  female 
than  in  the  male.  Attempts  were  made  to  determine  at  what  age  this  sexual  dif¬ 
ference  became  apparent.  At  prepubertal  ages  (less  than  40  days  of  age),  the 
aromatase  activity,  though  present,  was  very  erratic  within  each  sex  so  that  no 
significant  difference  could  be  found. 

Aromatization  of  androstenedione  by  the  adult  human  liver  has  recently 
been  reported  by  Smuk  and  Schwers  (1977).  They  speculated  that  the  liver 
contributes  a  significant  amount  to  the  extragonadal  aromatization  which  occurs 
in  human  males  and  in  normal,  castrate,  and  adrenalectomized  human  females 
(MacDonald,  et  al.,  1967).  The  statements  by  MacDonald,  et  al.,  (1967)  that, 
“estrogen  produced  from  plasma  -androstenedione  may  be  expected  to  ac¬ 
count  for  about  44  jUg  of  estrone/day  in  the  normal  young  adult  female  and  for 
18  jUg  of  estrogen  production/day  in  the  normal  adult  male”  and  “the  conver¬ 
sion  of  circulating  -androstenedione  to  estrone  is  not  reduced  in  the  absence 
of  the  ovary,  adrenal  or  the  uterus”  suggest  that  the  liver  of  the  human  adult 
female  produces  more  estrogen  than  does  the  liver  of  the  human  adult  male. 
This  would  be  in  agreement  with  results  reported  herein  concerning  rat  liver 
aromatase  activity. 

Results  reported  herein  and  those  suggested  from  the  literature  conform  to 
the  idea  that,  in  the  female,  some  of  the  moderately  potent  androgens  from  the 
adrenal  are  converted  by  the  liver  to  estrogens,  thereby  removing  the  androgens 
from  circulation  and  supplementing  ovarian  production  of  estrogen.  In  the  male, 
the  androgens  from  the  adrenal  are  metabolized  in  the  liver  to  a  greater  extent 
by  5 a-  and  16q;-  reduction.  The  enzymes  for  these  reductions  are  also  sexually 
different,  being  higher  in  males  than  in  females  (Gustafsson  and  Stenberg,  1974a). 
Lesser  amounts  are  aromatized  to  estrogens  in  the  male  thus  reducing  the  possi¬ 
bility  of  feminization  by  the  estrogens. 
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SEXUAL  DIMORPHISM  IN  TAIL  PATTERN  OF  OKLAHOMA 
SNAKES 


by  HUGHR.  QUINN^ 

Department  of  Biological  Sciences, 

Oklahoma  State  University, 

Stillwater,  Oklahoma  740  74 

Many  investigators  have  been  concerned  with  methods  of  determining  the  sex 
of  live  snakes  (Dowling,  1950;  Edgerton,  1951;  Clark,  1967;  and  more).  Some 
have  noted  sexual  dimorphism  in  tail  banding  (Gloyd,  1940;  Boyer,  1958;Smith, 
1961 ;  Clark,  1967),  but  not  all  species  of  Oklahoma  snakes  which  exhibit  sexual 
dimorphism  in  tail  pattern  have  been  reported.  The  purpose  of  this  study  was  to 
evaluate  more  completely  sexual  dimorphism  in  the  number  of  tail  bands,  blotches, 
or  dots  of  Oklahoma  snakes. 

Tail  blotches  or  bands  were  counted  on  the  left  lateral  side  of  the  tail.  Only 
dark  bands  or  blotches  that  extended  over  the  dorsal  surface  onto  the  lateral  sur¬ 
faces  of  the  tail  and  that  were  totally  contained  on  the  tail  were  counted.  The 
distal  tail  bands  on  some  specimens  of  Agkistrodon  contortrix  laticinctus  and 
A.  c.  mokasen  were  obscure,  so  data  were  analyzed  separately  for  these.  The  left 
row  of  dark  dots  was  counted  on  the  ventral  aspect  of  the  tail  of  Diadophis 
punctatus  arnyi,  Lampropeltis  getulus  holbrooki,  and  Tropidoclonion  lineatum 
annectens.  Sexes  of  the  snakes  were  determined  by  dissection.  The  Student’s  “t” 
Test  was  used  to  determine  significance  (Steele  and  Torrie,  1960). 

Of  the  species  of  snakes  examined  15  exhibited  significant  sexual  differences 
(P<  .05)  in  tail  pattern,  and  1 1  did  not  (Table  1).  Small  samples  add  uncertainty 
in  detecting  significance  for  some  species  (Table  1).  The  only  species  in  which  no 
overlap  between  sexes  in  the  number  of  tail  bands,  blotches,  or  dots  was  observed 
was  Crotalus  atrox.  However,  Boyer  (1958)  examined  214  specimens  of  C.  atrox 
from  the  Wichita  Mountain  Wildlife  Refuge,  Oklahoma,  and  found  that  males  had 
4-7  bands  and  females  3-6,  so  this  trait  may  not  be  totally  diagnostic.  In  this 
study  the  %  of  individuals  from  each  sex  within  the  overlap  was  calculated  to  in¬ 
crease  the  accuracy  of  estimating  the  correct  sex  (Table  1).  Although  some  species 
exhibited  significant  sexual  differences  in  tail  pattern,  examining  tail  pattern 
should  not  be  considered  a  definitive  method  in  any  species  for  determining  sex. 
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TABLE  1 


Sexual  Variation  in  Tail  Pattern  of  Oklahoma  Snakes 


Species 

Sex 

n 

X  ±S.E. 

Range 

%  Overlap  of 

d  and  9  rang^ 

p 

d 

10 

9.40  ±0.15 

7-11 

90 

Agkistrodon  contortrix  laticinctus 

9 

5 

9.60  ±  0.26 

8-1 1 

100 

>.500 

<5 

10 

2.90  ±  0.08 

2-4 

100 

Agkistrodon  contortrix  laticinctus  ** 

9 

8 

3.00  ±  0.14 

1-4 

87 

>.500 

d 

12 

9.83  ±  0.07 

9-1 1 

83 

Agkistrodon  contortrix  mokasen 

9 

7 

8.14  ±0.19 

6-10 

42 

<.020 

d 

17 

3.1 1  ±  0.05 

2-5 

88 

Agkistrodon  contortrix  mokasen  ** 

9 

11 

2.63  ±  0.04 

2-3 

100 

>.050 

Arizona  elegans  blanchardi 

(5 

9 

9 

21.22  ±  0.41 

15-28 

44 

100 

>.400 

6 

10.16  ±  0.24 

17-21 

Cemophora  coccinea  copei 

(5 

1 

14.00  ± 

0 

9 

3 

11.00  ±0.26 

10-13 

0 

Crotalus  atrox 

(5 

11 

5.45  ±  0.04 

5-6 

0 

<.001 

9 

12 

3.91  ±  0.02 

3-4 

0 

Crotalus  v.  viridis 

d 

10 

10 

9.80  ±  0.17 

6-12 

70 

70 

<.001 

9 

6.50  ±0.17 

5-10 

d 

15 

46.53  ±0.26 

40-5  1 

26 

<.001 

Diadophis  punctatus  arnyi 

9 

15 

40.00  ±  0.17 

36-43 

60 

d 

14 

20.50  ±0.17 

17-25 

78 

Elaphe  guttata  emroyi 

9 

7 

17.00  ±0.57 

9-21 

71 

<.050 

d 

3 

10.33  ±  0.83 

8-12 

33 

Farancia  abacura  reinwardti 

9 

100 

1 

9.00 

d 

7 

13.28  ±  0.44 

11-15 

14 

Heterodon  nasicus gloydi 

9 

6 

9.33  ±  0.47 

7-1 1 

16 

<.001 

Heterodon  n.  nasicus 

d 

15 

14.93  ±0.30 

12-18 

6 

<.001 

9 

14 

10.50  ±  0.31 

8-12 

35 

d 

15 

10.33  ±  0.29 

8-12 

46 

Heterodon  platyrhinos 

9 

17 

8.41  ±  0.27 

7-10 

64 

<.001 

Lampropeltis  c.  calligaster 

d 

15 

19.13  ±  0.32 

17-22 

33 

9 

15 

15.13  ±  0.33 

13-18 

20 

<.001 

d 

15 

47.73  ±  0.43 

42-5  1 

73 

Lampropeltis  getulus  holbrooki 

9 

15 

43.80  ±  0.48 

39-40 

66 

<.010 

d 

5 

10.00  ±  0.61 

8-12 

Lampropeltis  triangulum  amaura 

9 

0 

d 

4 

1  2.00  ±  0.80 

9-1  5 

50 

Lampropeltis  triangulum  gentilis 

9 

4 

9.75  ±  0.65 

8-12 

75 

>.100 

Lampropeltis  triangulum  syspila 

d 

4 

13.75  ±  0.48 

13-15 

100 

>.100 

9 

6 

12.50  ±  0.47 

1  1-15 

33 

d 

13 

1  1.76  ±  0.42 

8-15 

100 

>.500 

Lampropeltis  triangulum 

9 

10 

1  1.40  ±  0.44 

8-1  5 

100 
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Table  1  (Continued) 


Species 

Sex 

n 

X  ±  S.E. 

Range 

%  Overlap  of 
d  and  9  ranges 

P 

d 

15 

24.80  ±  0.42 

22-31 

66 

Matrix  r.  rhombifera 

9 

14 

22.28  ±0.44 

18-26 

64 

<.020 

d 

13 

V.07  ±0.38 

19-2  5 

76 

<.010 

Matrix  sipedon  pleuralis 

9 

14 

18.64  ±  0.34 

15-22 

SO 

d 

23 

13.95  ±  0.27 

12-18 

65 

Pituophis  melanoleucus  sayi 

9 

13 

11.84  ±0.26 

11-14 

61 

<.001 

Rhinocheilus  lecontei  tesselatus 

d 

ns 

9 

13.33  ±  0.55 

10-18 

33 

>.050 

9 

3 

9.66  ±0.71 

8-1 1 

66 

d 

14 

8.50  ±  0.37 

6-12 

28 

Sistrurus  catenatus  tergeminus 

9 

8 

6.25  ±0.24 

6-7 

100 

<.010 

Sistrurus  miliarius  streckeri 

d 

n\ 

15 

10.26±0.25 

9-12 

100 

>.100 

9 

8 

9.25  ±  0.44 

7-12 

75 

Sonora  e.  episcopa  (Banded  phase) 

d 

3 

3.33  ±  0.43 

3-4 

100 

9 

2 

5.00  ±  1.18 

3-7 

50 

>.300 

d 

IS 

37.86  ±  0.44 

32-41 

20 

Tropidoclonion  lineatum  annectens 

9 

15 

31.20  ±0.42 

25-35 

46 

>.001 

*  *  Distal  Tail  Bands  Obscure 
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ABSTRACT 

Monthly  photographs  of  1  areas  were  taken  to  document  the  activity  of  terrestrial 
and  aquatic  animals  on  dredge  material  in  the  intertidal  zone  of  Bolivar  Peninsula  on  Galveston 
Bay,  Texas.  The  presence  of  raccoons  and  birds  was  inferred  from  tracks.  Hermit  crab  tracks 
and  stranded  shells  were  apparent  in  many  of  the  photographs.  Holes  attributable  to  such 
organisms  as  fiddler  crabs,  polychaetes,  mollusks  and  bird  feeding  were  common  at  all  eleva¬ 
tions.  Qualitative  and  quantitative  differences  in  animal  activity  were  noted  between  elevations 
in  the  intertidal  zone,  and  transects  perpendicular  to  and  across  the  beach  in  various  habitats 
showed  similar  characteristics.  The  photographic  techinque  described  is  useful  in  recording 
surface  animal  activity  which  may  subsequently  be  related  to  observed  variations  in  benthic 
infauna  through  predation  by  birds  and  mammals. 

INTRODUCTION 

Shoaling  of  the  Gulf  Intracoastal  Waterway  (GIWW)  is  a  continuous  process 
and  annual  dredging  is  required  in  some  locations  to  maintain  the  desired  depth 
of  approximately  4  m.  Barges,  shrimp  boats,  other  commercial  craft  and  pleasure 
boats  extensively  utilize  the  GIWW.  Material  removed  from  the  channel  during 
dredging  may  be  placed  in  supratidal  areas  or  it  may  be  allowed  to  run  off  into 
estuarine  waters  far  enough  from  the  waterway  to  preclude  immediate  redeposition 
in  the  channel. 

Dredge  material  is  sometimes  deposited  on  natural  marshlands,  removing  them 
from  production.  Because  of  the  importance  of  detritus  in  the  food  webs  of 
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aquatic  communities  (Odum  and  de  la  Cruz,  1963),  considerable  interest  has  been 
voiced  with  respect  to  preserving  existing  marshlands  and  creating  new  ones  in 
areas  where  destruction  has  occurred. 

The  U.S.  Army  Corps  of  Engineers  (USCE),  which  maintains  the  GIWW, 
initiated  a  series  of  investigations  during  the  1970’s  to  examine  the  extent  to 
which  dredged  material  can  be  recolonized  and  stabilized  by  marshland  vegetation. 
The  present  study,  initiated  in  1976,  was  conducted  as  a  part  of  that  nationwide 
research  effort  and  involved  the  establishment  of  a  salt  marsh  and  monitoring  of 
temporal  changes  in  vegetation,  soil  and  water  chemistry,  sediment  particle  size, 
utilization  of  the  area  by  birds  and  mammals  and  the  abundance  and  distribution 
of  nekton  and  benthos.  As  a  part  of  the  overall  study,  monthly  photographs  of 
1  m^  stations  were  taken  to  document  the  activity  of  aquatic  and  terrestrial 
organisms.  The  perceived  advantages  of  this  technique  were  that  its  use  would 
destroy  neither  the  animals  nor  their  habitat. 

Close-up  photography  of  the  type  utilized  in  this  study  is,  in  essence,  one  of 
terrestrial  photogrammetry  (Moffitt,  1967)  with  the  modification  that  the  purpose 
is  identification  and  ennumeration  of  animals  and  their  sign  rather  than  precise 
measurement  of  objects  within  photographs.  Aerial  photography  has  long  been 
recognized  as  a  tool  in  the  ecological  characterization  of  forests  (Spurr,  1948) 
and  has  been  applied  in  surveys  of  coastal  vegetation  (Hubbard  and  Grimes, 
1974).  Temporal  changes  in  plant  communities  may  be  studied  by  comparing 
photographs  of  the  same  quadrat  taken  at  different  times  (Weaver  and  Clements, 
1938,  Costing,  1956). 

Photography  has  been  applied  extensively  in  the  examination  of  deep  sea 
benthos  (Heezen  and  Hollister,  1971;  Lonsdale,  1977)  and  underwater  television 
and  movies  have  been  adapted  for  similar  purposes  (Machan  and  Fedra,  1975; 
Holme,  1976;  Fedra,  et  al.,  1976).  Underwater  photography  of  shallow  water 
benthic  communities  has  also  been  utilized  (Goodwin,  1977),  but  photography 
has  not  been  applied  to  studies  involving  intertidal  benthic  communities. 

MATERIALS  AND  METHODS 

The  study  site  was  on  Bolivar  Peninsula  adjacent  to  Galveston  Bay,  Texas 
(Fig.  1).  The  GIWW  exists  as  a  man-made  cut  through  Bolivar  Peninsula.  Dredge 
material  from  the  initial  and  subsequent  maintenance  dredging  operations  has 
been  deposited  on  the  north  side  of  the  channel  with  the  flow  of  sediments  and 
runoff  water  being  into  Galveston  Bay. 

The  Bolivar  Peninsula  marsh  development  site  study  was  conceived  by  the 
USCE  Waterways  Experiment  Station  in  Vicksburg,  Mississippi.  Dredge  material 
on  the  7.3  ha  site  was  last  deposited  in  1974  and  was  regraded  with  earth  moving 
equipment  prior  to  initiation  of  the  study.  Reworking  of  the  material  provided  a 
smooth,  gently  sloping  beach.  The  effect  was  to  provide  a  vegetation -free  area 
which  was  nearly  homogeneous  in  terms  of  sediment  quality  and  soil  chemistry; 
not  unlike  the  situation  which  exists  on  newly -deposited  dredge  material. 
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Figure  1.  Location  Map. 


A  wire  fence  was  constructed  around  the  site  to  keep  out  goats,  cattle  and 
other  animals  which  consume  marsh  grasses.  A  protective  dike  (constructed  of 
nylon  sandbags  approximately  1  by  3  m)  was  placed  around  a  portion  of  the  area 
to  retard  erosion  (Fig.  2).  Within  the  confines  of  the  dike,  270  (6  x  10  m)  marsh¬ 
land  plots  were  established  and  divided  into  9  blocks  of  30  plots.  Replicated 
blocks  in  each  treatment  were  left  un planted,  or  sprigged  or  seeded  with  smooth 
cordgrass  {Spartina  alterniflord)  or  marshhay  cordgrass  {S.  patens).  In  addition, 
various  levels  of  inorganic  fertilizer  were  applied  to  selected  plots  within  each 
block.  Photographs  were  obtained  monthly  at  low  tide  at  a  station  within  each 
exposed  plot  in  blocks  designated  I,  II,  and  III  (Fig.  2)  from  July  1976  through 
June  1977. 

Twelve  transects  were  established  on  the  site  with  5  sampling  stations  at  dif¬ 
ferent  elevations  within  each  transect  (Fig.  2).  Pairs  of  transects  were  selected  to 

cover  6  types  of  habitat: 

Reference  area  outside  of  the  fence. 

Unplanted  area  not  protected  by  sandbag  dike. 
Alternating  sprigs  of  Spartina  alterniflora  and  S.  patens 
with  no  protection  by  sandbag  dike. 

Unplanted  area  protected  by  sandbag  dike. 

Alternating  sprigs  of  S.  alterniflora  and  S.  patens  pro¬ 
tected  by  sandbag  dike. 


Transects  Z  and  J 
Transects  A  and  I 
Transects  B  and  H 

Transects  X  and  Y 
Transects  C  and  G 
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Transects  D  and  F  -  Unispecific  plots;  unplanted,  sprigged  or  seeded  in  .S'. 

altemiflora  oxS.  patens  and  protected  by  sandbag  dike. 

GALVESTON  BAY 


TRANSECTS 
ELEVATION  5 
ELEVATION  4 
ELEVATION  3 
ELEVATION  2 
ELEVATION  I 


N 


p  2S  50 
Scal«  (m) 


BOLIVAR  PENINSULA 


Figure  2.  Map  of  the  study  site  indicating  unispecific  marshgrass  blocks  I,  II  and  III  and 
12  transects  along  which  photographs  were  taken. 

Wooden  stakes,  5.08  cm  in  diameter,  were  placed  randomly  within  the  90  plots 
in  blocks  I,  II  and  III  in  addition  to  the  5  stations  along  each  of  the  12  transects. 
A  wooden,  circular  frame  enclosing  1  m^  was  utilized  to  establish  the  boundaries 
of  each  sample.  The  ring  was  placed  over  each  stake  with  the  same  orientation 
(the  stake  within  and  at  the  north  side  of  the  ring)  monthly  and  35  mm  black 
and  white  photographs  were  obtained.  Station  codes  were  written  on  the  stakes 
to  facilitate  photograph  identification.  Following  development,  each  frame  was 
enlarged  and  printed  on  20.3  x  25.4  cm  paper. 

Raccoon  and  bird  tracks  were  readOy  recognizable  in  the  photographs.  Fiddler 
crab  burrows  were  often  easily  distinguished  from  other  types  of  holes  (Fig.  3) 
because  of  the  characteristic  mounds  of  sand  around  the  burrows.  This  distinction 
was  lost  if  the  holes  were  submerged  during  high  tide.  Large  numbers  of  very 
small  holes  were  present  in  areas  where  birds  were  observed  pecking  at  the  sedi¬ 
ments  for  food.  In  addition  to  fiddler  crabs  and  bird  billing  activity,  holes  were 
attributable  to  polychaetes  and  mollusk  siphons.  Hermit  crab  tracks  and  individ¬ 
uals  stranded  during  high  tide  were  common. 

Data  evaluation  was  mostly  on  the  basis  of  inspection  for  distinct  tendencies 
in  occurrence  of  particular  organisms  or  their  sign.  Nonparametric  statistical 
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Figure  3.  A  station  in  block  I  during  April  1977  demonstrating  the  presence  of  numerous 
fiddler  crab  burrows  confirmed  by  the  presence  of  sand  balls  around  the  holes. 
(Note  the  poor  survival  of  Spartina  alterniflora  in  this  upper  beach  station). 

evaluation  utilizing  the  Friedman  2-way  analysis  of  variance  (Siegel  1956)  was 
applied  to  evaluate  whether  the  numbers  of  small  holes  per  m^  attributable  to 
fiddler  crabs,  polychaetes  and  mollusk  siphons  were  significantly  different  at  the 
0.05  significance  level  among  the  blocks  and  transects. 

RESULTS  AND  DISCUSSION 

Animal  sign  was  obscured  at  many  stations  in  block  I  during  July  1976  because 
those  plots  were  tilled  during  that  month  with  a  spring-tooth  harrow  prior  to  the 
initiation  of  fertilization  and  planting.  Plots  in  blocks  II  and  III  were  also  tilled, 
but  tidal  action  smoothed  the  sediments  prior  to  photography  and  signs  of  animal 
activity  were  apparent. 

Monthly  data  from  the  150  sampling  stations  were  compared  with  respect  to 
average  number  of  holes  detected  in  each  photograph;  percentage  of  stations  in 
which  holes,  raccoon  activity,  fiddler  crab  activity,  hermit  crab  activity  and  tubes 
of  Diopatra  cuprea  were  visible;  and  the  percentage  of  photographs  in  which  no 
activity  was  observed.  Representative  data  obtained  from  the  3  blocks  within  the 
protected  marshland  provided  an  indication  of  elevational  differences  on  the  site, 
while  pooled  data  from  all  elevations  within  transects  provided  a  comprehensive 
comparison  of  habitat  types  independent  of  elevation. 
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Though  reworking  of  the  sediments  by  earth  moving  equipment  (and  presumed 
concurrent  disruption  of  the  benthos  community)  was  not  completed  until 
June  1976,  photographs  taken  in  July  revealed  that  a  high  level  of  animal  activity 
was  already  occurring.  Terrestrial  animal  tracks  and  holes  of  various  sizes  con¬ 
firmed  that  fiddler  crab  burrows  and  other  types  of  animal  sign  were  abundant. 

The  number  of  photographs  obtained  monthly  within  the  3  marshland  blocks 
(Fig.  2)  ranged  from  0  to  30.  It  was  usually  possible  to  obtain  more  photographs 
from  block  I  than  either  of  the  other  2  blocks  because  block  I  was  not  subject 
to  flooding  at  low  tide.  Various  procedural  and  equipment  problems  (e.g., 
light  meter  failure)  also  accounted  for  the  loss  of  a  few  photographs.  The  average 
number  of  photographs  obtained  monthly  in  blocks  I,  II  and  III  were  26.5,  23.9 
and  20.9,  respectively. 

The  highest  mean  number  of  hole  s/m  ^ /month  (3.1)  occurred  in  block  II 
(Table  1).  Blocks  I  and  III  were  similar  (1 .5  and  1 ,7 ,  respectively).  The  Friedman 
2 -way  analysis  of  variance  indicated  that  there  were  significant  differences  present 

TABLE  1 

Summary  of  Animal  Activity  Inferred  from  Photographs 
Taken  in  Block  II  from  July  1976  through  June  1977 


Average  Number  Stations  Demonstrating  Animal  Sign  or  Activity  (%) 

Number  of  of  Holes  - - - - - - 


Month 

Photos 

per  m^ 

Holes 

Raccoon 

Bird 

Fiddler 

crab 

None 

July 

27 

3.0 

48.1 

3.7 

0.0 

7.4 

40.7 

August 

27 

7.9 

70.4 

0.0 

3.7 

3.7 

25.9 

September 

26 

5.2 

5  3.8 

0.0 

0.0 

23.1 

26.9 

October 

26 

2.5 

61.5 

0.0 

3.8 

3.8 

34.6 

November 

27 

1.1 

44.4 

0.0 

7.4 

7.4 

44.4 

December 

27 

0.9 

33.3 

0,0 

0.0 

0.0 

66.7 

January 

27 

0.5 

25.9 

0.0 

14.8 

0.0 

59.3 

February 

30 

1.7 

60.0 

0.0 

0.0 

10.0 

40.0 

March 

30 

2.4 

30.0 

0.0 

0.0 

3.3 

70.0 

April 

24 

5.7 

66.7 

0.0 

0.0 

20.8 

25.0 

May 

7 

1.1 

28.6 

0.0 

57.1 

28.6 

14.3 

June 

9 

5.3 

22.2 

0.0 

0.0 

11.1 

66.7 

Mean 

23.9 

3.1 

among  these  means.  The  values  obtained  clearly  indicate  that  there  was  much 
less  activity  at  the  elevational  extremes  (Blocks  I  and  III)  than  within  the  inter¬ 
mediate  elevational  zone.  The  analysis  was  run  only  on  data  obtained  between 
August,  1976  and  March,  1977  because  of  disruption  of  Block  I  by  tilling  in 
July  1976  and  because  high  water  and  increased  plant  cover  led  to  low  numbers 
of  photographs  in  blocks  II  and  III  from  April  through  June  1977. 


ANIMAL  ACTIVITY  ON  PLANTED  AND  UNPLANTED  DREDGE  MATERIAL 


167 


While  the  mean  number  of  holes/m^  was  lower  in  block  III  than  block  II 
on  a  monthly  basis,  the  percentage  of  photographs  wherein  holes  were  visible 
was  higher  during  most  months  in  block  III  than  in  either  of  the  other  2  blocks. 
Confirmed  fiddler  crab  activity  was  observed  only  in  blocks  I  and  11.  Concurrent 
sampling  of  benthic  infauna  did  not  reveal  the  presence  of  large  numbers  of  fid¬ 
dler  crabs  in  any  of  the  samples,  and  most  of  the  crabs  collected  were  obtained 
from  the  upper  beach  elevations  (R.R.  Stickney,  unpublished  data).  This  implies 
that  the  holes  observed  in  block  III  resulted  largely  from  the  activities  of  poly- 
chaetes  and  mollusks,  which  were  essentially  absent  in  block  L  It  is  theorized 
that  the  high  density  of  holes  in  block  II  was  due  to  a  combination  of  fiddler 
crabs,  polychaetes  and  mollusks. 

Raccoon  tracks  were  observed  only  in  blocks  I  and  II.  Since  photography 
occurred  at  low  tide,  raccoon  tracks  in  the  intertidal  sampling  sites  may  have 
been  obliterated  by  tidal  action.  Bird  activity  was  apparent  only  in  photographs 
from  blocks  II  and  III. 

Hermit  crab  tracks  and  shells  containing  Hve  hermit  crabs  were  limited  to 
block  III  which  remained  intertidal  during  neap  tides.  Hermit  crabs  were  most 
abundant  during  the  summer,  had  relatively  low  percentages  of  occurrence  in 
spring  and  fall  and  were  absent  during  the  winter. 

Diopatra  cuprea  tubes  were  observed  only  at  the  most  seaward  plots  in  block 
III,  and  then  only  during  February  1977.  Observations  indicated  that  this  poly- 
chaete  preferred  firm  sandy  substrates. 

The  numbers  of  photographs  obtained  along  paired  transects  in  the  6  habitat 
types  ranged  from  an  overall  monthly  mean  of  5.8  in  the  reference  area  (transects 
J  and  Z)  to  8.1  in  the  unplanted  areas  protected  by  the  sandbag  dike  (transects 
X  and  Y),  Minor  elevational  differences  at  the  east  and  west  ends  of  the  site 
occurred  within  a  few  months  after  site  leveling  was  completed  as  the  sediments 
were  redistributed  by  precipitation  runoff,  wind  erosion,  waves  and  tidal  action. 
Both  reference  areas  were  often  inundated  at  low  tide  up  to  elevations  3  or  4 
(Fig.  2)  whereas  the  extent  of  inundation  was  generally  less  along  the  other 
transects.  Photography  was  unproductive  in  cases  where  even  a  few  cm  of  water 
were  present. 

The  annual  mean  number  of  holes/m^ /station  was  less  than  4.5  in  all  habitats 
with  the  exception  of  the  reference  area  where  a  mean  of  12.6  was  obtained. 
The  Friedman  test  (run  on  data  from  July  1976  through  March  1977)  indicated 
that  significant  differences  were  present  among  the  transects  with  respect  to 
the  number  of  holes  present/m^.  Large  numbers  of  holes  (more  than  10/station 
on  the  average)  were  observed  In  photographs  taken  in  July,  August,  October 
and  November  1976.  In  other  months  the  average  numbers  of  holes/m^  in  the 
reference  areas  were  similar  but  still  slightly  higher  (5.3  or  less)  than  those 
in  the  habitats  within  the  fence.  The  percentage  of  photographs  with  visible 
holes  was  also  generally  higher  in  the  reference  areas  than  in  the  other  habitats. 
The  reasons  for  differences  between  the  reference  areas  and  unprotected,  un¬ 
planted  transects  A  and  I  remain  obscure  but  may  relate  to  the  relatively  greater 
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inundation  frequency  of  upper  stations  in  the  reference  areas  as  compared  with 
the  rest  of  the  study  site. 

Birds  were  active  in  each  of  the  6  habitats,  although  activity  was  less  along 
transects  D  and  F  (central  marshland  plots)  than  in  any  other  habitat.  The  presence 
of  sprigged  and  seeded  Spartina  sp.  along  those  transects  did  not  appear  to  be  a 
factor  as  the  second  lowest  incidence  of  bird  activity  was  recorded  in  unplanted, 
unprotected  transects  A  and  I.  Raccoon  tracks  were  not  identified  from  any  of 
the  photographs  obtained  along  the  12  transects. 

Fiddler  crab  activity  occurred  throughout  the  lower  elevations  but  was  limited 
during  the  winter.  Hermit  crabs  were  most  common  during  the  summer.  The 
lowest  incidence  of  hermit  crab  activity  occurred  along  transects  D  and  F  where 
the  animal  was  observed  only  during  September  1976.  The  presence  of  hermit 
crabs  within  unispecific  marsh  plots  was  well  documented  in  photographs  taken 
in  block  III,  thus  the  relatively  small  number  of  photographs  obtained  along  the 
transects  may  have  led  to  an  underestimate  of  hermit  crab  activity. 

Diopatra  cuprea  tubes  appeared  primarily  in  photographs  taken  during  the 
winter  and  spring  and  were  present  in  all  6  habitats.  This  polychaete  appeared  in 
the  protected  area  of  mixQd.  Spartina  alternifloramdiS.  plantings  (transects 

C  and  G)  only  during  February  1977,  and  in  the  unispecific  marsh  plot  habitats 
(transects  D  and  F)  only  during  September  1976.  In  all  other  habitats  A  cuprea 
was  present  during  5  months  of  the  year. 

The  recovery  of  benthic  populations  in  subtidal  areas  following  dredging  is 
well  documented  (May  1973,  Stickney  and  Perlmutter,  1975)  and  some  infor¬ 
mation  on  the  recolonization  of  benthic  organisms  on  intertidal  dredge  material 
indicates  that  unless  the  sedimentary  framework  of  an  area  is  drastically  altered 
during  dredging,  recovery  of  soft-bodied  and  highly  motile  benthic  organisms  is 
rapid,  occurring  in  a  few  weeks  or  months.  This  conclusion  is  well  documented 
by  the  present  study. 

In  conclusion,  the  use  of  photography  to  document  animal  activity  in  inter¬ 
tidal  areas  having  relatively  sparse  plant  cover  does  appear  to  have  value  in  ecolo¬ 
gical  studies.  Photography  may  provide  a  better  indication  of  fiddler  and  hermit 
crab  activity  than  that  obtained  by  standard  benthic  sampling  techniques. 
Destructive  benthos  sampling  should  not,  however  be  abandoned  in  favor  of  the 
photographic  technique  since  the  latter  provides  little  information  with  respect 
to  benthic  infauna.  The  two  sampling  methods  may  be  best  used  coUaboratively. 
Quantification  of  data  is  much  less  subjective  with  destructive  benthos  sampling 
than  when  photographs  are  interpreted,  although  photography  can  provide  much 
more  complete  areal  coverage  in  a  short  period  of  time  than  destructive  sampling. 
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ABSTRACT 

Trehalose-6-P  synthetase  has  been  detected  in  amoebae  of  Dictyostelium  discoideum. 
The  use  of  fructose-1,  6-  diphosphate  in  the  pyruvate  kinase  assay  procedure  increased  the 
level  of  sensitivity  of  this  part  of  the  assay  procedure  for  trehalose-6-P  synthetase.  The 
amount  of  trehalose-6-P  synthetase  activity  in  amoebae  was  much  lower  than  that  observed 
during  development 

INTRODUCTION 

Trehalose  (1-  (a-D-glucopyranosyl)  a-D-glucopyranoside)  is  one  of  several 
carbohydrates  that  is  regulated  during  growth  and  development  of  the  cellular 
slime  mold  D.  discoideum.  The  metabolism  of  this  disaccharide  and  the  enzyme 
trehalose-6-P  synthetase  has  been  the  subject  of  extensive  study  for  several  years 
(Wyatt  and  Kalf,  1957;  Cabib  and  Leloir,  1958;  Murphy  and  Wyatt,  1965 ;Cec- 
carini  and  Filosa,  1966;  Wright  and  Marshall,  1970).  Roth  and  Sussman  (1968) 
reported  that  trehalose-6-P  synthetase  activity  was  detected  4  hrs  after  initiating 
development.  The  enzyme  was  not  detected  in  amoebae.  However,  Washington, 
(1971;  Unpublished  Ph.D.  Thesis  Illinois  Institute  of  Technology)  showed  that 
trehalose  was  present  in  amoebae.  This  indicated  that  the  enzyme  responsible  for 
the  synthesis  of  trehalose  was  present  also.  Wright  and  Marshall  (1970)  developed 
a  computer  model  of  trehalose  synthesis.  This  model  was  based  upon  previously 
determined  enzyme  systems  and  metabolic  products  which  could  contribute  to 
trehalose  synthesis.  The  model  also  indicated  that  trehalose  was  present  in  amoebae. 
In  a  later  investigation,  Killick  and  Wright  (1972)  reported  that  trehalose-6-P 
synthetase  was  present  in  amoebae  but  in  a  “masked”  form.  Described  here  is 
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the  detection  of  low  trehalose -6-?  synthetase  activity  in  amoebae  ofZ).  discoideum 
by  using  a  sUght  modification  of  the  assay  procedure  by  Roth  and  Sussman  (1968) 
and  Cabib  and  Leloir  (1958). 

MATERIALS  AND  METHODS 
Strain  and  Media 

Amoebae  of  the  haploid  strain  AX-1  of  D.  discoideum  were  used  in  these  ex¬ 
periments.  Modified  HL-5,  an  axenic  medium  for  culturing  amoebae,  was  pre¬ 
pared  as  follows:  Solution  A  contained  in  650  ml  of  distilled  water,  10  g  of 
proteose  peptone  (Difco),  and  5  g  of  yeast  extract.  Of  this  solution,  100  ml  por¬ 
tions  were  put  in  250  ml  flasks  and  autoclaved  at  121  C  and  15  psi  for  15  min. 
Solution  B  prepared  in  1  £  of  distilled  water  contained  0.77  g  of  Fe(NH4)2S04  — 
6H2  O;  0.3  g  of  MgCl2  — 6H2  0  and  1 .2  g  of  NaCl2 .  Aliquots  of  Solution  B  were 
filter  sterilized,  using  0.22  ju  filters  as  needed.  Solution  C  was  a  27%  solution  of 
glucose.  This  solution  was  also  autoclaved  as  described  above.  For  culturing  a- 
moebae,  1  ml  of  Solution  B  and  4  ml  of  Solution  C  were  added  to  100  ml  of 
Solution  A.  Ten  ml  of  this  mixture  were  aseptically  transferred  to  sterile  25  x  180 
mm  culture  tubes.  The  unadjusted  pH  of  m-HL-5  medium  was  6.8. 

Culturing  and  Harvesting  Technique  for  D.  discoideum 

The  SM/5  agar  used  as  a  stock  culture  for  A  discoideum  was  prepared  as  fol¬ 
lows:  2  g  of  glucose,  2  g  of  proteose  peptone,  0.2  g  of  MgSo4 , 0.5  g  of  KH2PO4, 
1  g  of  K2HPO4,  0.2  g  of  yeast  extract  and  20  g  of  bacto-agar  were  added  to  1  £ 
of  distilled  water.  After  mixing,  the  mixture  was  divided  into  500  ml  flasks  and 
autoclaved  at  121  C  and  15  psi  for  15  min.  Immediately  after  being  autoclaved 
the  agar  mixture  was  poured  into  sterile  disposable  petri  plates  and  allowed  to 
solidify.  These  plates  were  stored  in  an  incubator  at  22  C.  Spores  of  A  discoideum 
were  grown  on  SM/5  agar  in  association  with  Enterobacter  aerogenes  as  a  food 
source.  For  axenic  growth,  spores  were  harvested  from  the  agar  plates  by  swoop¬ 
ing  a  sterile  microbial  loop  containing  sterile  H2  O  across  stalks  bearing  sorocarps. 
These  spores  were  then  put  into  culture  tubes  containing  10  ml  of  m-HL-5  so¬ 
lution.  Approximately  3  loops  of  spores  were  put  into  each  tube.  Then  0.2  ml 
of  a  0.5%  streptomycin  solution  was  added  to  each  tube  to  prevent  bacterial 
growth.  These  tubes  were  incubated  at  22  C  on  a  gyrotory  shaker  and  agitated  at 
120  rpm.  After  the  cells  germinated,  cell. growth  was  determined  by  counting 
the  cells  on  a  hemocytometer.  When  the  cells  reached  a  concentration  of  approx¬ 
imately  1  X  10^  cells/ml,  they  were  aseptically  transferred  to  flasks  containing 
100  ml  of  the- m-HL-5  solution.  These  were  then  incubated  at  22  C  on  agyrotory 
shaker  and  agitated  at  120  rpm.  When  the  cells  reached  a  concentration  of  8  x  10^ 
to  1  X  10^  cell/ml,  they  were  separated  from  the  solution  by  centrifuging  at  3000 
rpm  for  5  min,  washed  twice  and  resuspended  in  0.01  M  phosphate  buffer.  Morpho¬ 
genesis  was  initiated  by  depositing  the  washed  suspension  of  cells  in  concentrations 
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of  1  to  3  X  10^  cells/ filter  on  Whatman  #50  filters  in  60  x  15  mm  petri  plates. 
The  filter  paper  was  placed  on  millipore  absorbent  pads  diluted  with  pad  diluting 
fluid,  (Roth  and  Sussman,  1968).  The  inoculated  petri  plates  were  placed  in  a 
closed  glass  chamber  and  incubated  at  22  C  for  24  hrs. 

Amoebae,  cultured  for  enzyme  assays  were  harvested  by  removing  a  total  of 
5  filters  from  the  growth  chamber  every  4  hrs.  The  filters  were  put  into  25  x  180 
mm  tubes  containing  10  ml  of  0.01  M  phosphate  buffer  solution,  and  held  firmly 
to  the  side  with  forceps.  Amoebae  were  removed  from  the  filters  by  vortexing 
buffer  solution  onto  the  filters.  The  samples  were  immediately  frozen.  All  samples 
were  subsequently  broken  by  passing  them  through  a  French  pressure  cell  by 
using  a  Wabash  press  at  8,000-10,000  psi.  The  cell-free  extract  was  lypholyzed 
and  later  resuspended  in  3  ml  of  deionized  water.  Each  sample  was  centrifuged 
and  the  supernatant  was  used  as  a  source  of  enzyme.  All  samples  were  kept  frozen 
at  0  C  until  used  for  enzyme  assay  and  protein  determination. 

Trehalose-6-Phosphate  Synthetase  Assay 

The  method  used  to  assay  for  trehalose-6-P  synthetase  was  a  slight  modifica¬ 
tion  of  the  standard  Uridine  Diphosphate  Glucose  (UDP)  assay  method  developed 
by  Cabib  and  Leloir  (1958)  and  Roth  and  Sussman  (1968).  The  modification  in¬ 
cluded  the  addition  of  fructose-1 ,6-diphosphate  to  the  assay  procedure  at  the 
time  pyruvate  kinase  was  introduced.  Fructose-1 ,6-diphosphate  (1  mM)  served 
as  a  cofactor  for  the  pyruvate  kinase  reaction.  The  assay  procedure  for  trehalose- 
6-P  synthetase  depended  upon  the  conversion  of  phosphoenol  pyruvate  to  pyruvic 
acid  in  the  presence  of  UDP  and  then  assaying  for  pyruvic  acid.  Assay  for  tre- 
halose-6-P  synthetase  was  also  done  without  adding  fructose-1 ,6-diphosphate. 
In  both  experiments  boiled  enzyme  controls  were  employed. 

pH  and  Temperature  Dependence  Studies  of  Trehalose-6-P  Synthetase 

When  using  cell  free  extract  of  developing  cells  it  was  found  that  the  maximum 
enzyme  activity  occurred  16  hrs  after  initiating  development.  Therefore,  the  16 
hr  cell-free  extract  was  used  to  study  pH  and  temperature  dependence  of  trehalose - 
6-P  synthetase. 

For  pH  studies,  0.3  ml  of  the  enzyme  solution  was  added  to  0.3  ml  of  buffer 
solutions  ranging  in  pH  from  5.0  through  8.0  using  intervals  of  0.5 .The optimum 
pH  was  determined  by  assaying  for  trehalose-6-P  synthetase  by  the  method 
described  previously. 

The  optimum  temperature  for  the  reaction  was  determined  by  assaying  for 
the  enzyme  over  a  temperature  range  of  30-40  C.  Two-degree  intervals  were  used 
in  this  range.  All  assay  procedures  were  done  as  previously  described  in  0.01  M 
phosphate  buffer  pH  6.8. 
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RESULTS 

Activity  of  Trehalose-6-Phosphate  Synthetase 

Figure  1  shows  the  developmental  kinetics  of  trehalose -6--P  synthetase  activity 
when  cells  of  D.  discoideum  were  assayed  for  the  enzyme  according  to  the  method 


Figure  1.  Developmental  kinetics  of  trehalose-6-phosphate  synthetase  in  D.  discoideum. 

Cell-free  extract  harvested  at  different  times  during  development  was  used  for 
this  study.  Assay  results  obtained  for  T-6-P  synthetase  when  using  the  standard 

UDPG  assay  method  is  shown  ( - ^).  Also  assay  results  showing  activity  for 

the  same  exzyme  when  fructose-1,  6-diphosphate  was  used  as  a  cofactor  in 
the  assay  procedure  is  given  ( - ^). 

described  by  Roth  and  Sussman  (1968)  and  when  fructose-1 , 6-diphosphate  was 
used  as  a  cofactor  for  pyruvate  kinase.  Results  from  the  original  assay  procedure 
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were  similar  to  that  of  Roth  and  Sussman  (1968).  Trehalose -6-P  synthetase  was 
not  detected  until  4  hrs  after  initiating  development.  However,  when  fructose-1, 
6-diphosphate  was  used  as  a  cofactor  in  the  assay  procedure,  trehalose-6-P  syn¬ 
thetase  was  detected  in  vegetative  cells.  Note  that  in  both  cases  maximum  enzyme 
activity  occurred  about  16  hrs  after  initiating  development. 

The  optimum  pH  and  temperature  for  trehalose -6-P  synthetase  was  7.0  and 
36  C  respectively. 

DISCUSSION 

The  results  described  here  have  indicated  that  the  enzyme,  trehalose-6-P  syn¬ 
thetase  was  present  in  small  amounts  in  vegetative  cells  of  79.  discoideum.  Maximum 
activity  was  obtained  16  hrs  after  the  initiation  of  development,  and  it  slowly 
decreased  as  the  cells  reached  maturity. 

When  using  the  assay  procedure  of  Roth  and  Sussman  (1968)  for  trehalose -6-P 
synthetase,  this  data  correlated  with  their  results.  However  when  fructose-1, 
6-diphosphate  was  used  as  a  cofactor  in  the  assay  procedure  the  enzyme  was  de¬ 
tected  in  vegetative  cells. 

The  detection  of  the  enzyme  in  myxamoebae  correlated  with  the  results  of 
Killick  and  Wright  (1972),  and  Washington  (1971)  wherein  they  reported,  by 
two  different  methods,  that  the  enzyme  was  present  in  myxamoebae.  Killick  and 
Wright  (1972)  stated  that  trehalose-6-P  synthetase  is  present  at  the  beginning  of 
differentiation  of  D.  discoideum  cells,  but  in  a  “masked”  form.  They  were  able 
to  unmask  the  enzyme  activity  by  selective  ammonium  sulfate  fractionation  and 
preliminary  incubation  at  35  C.  Washington  (1971)  indirectly  showed  that  the 
enzyme  was  present  at  low  activity  by  showing  that  there  was  alow  concentration 
of  trehalose  in  vegetative  cells  of  D.  discoideum.  It  was  postulated  that  the  syn¬ 
thesis  of  trehalose  in  myxamoebae  occurs  from  the  interaction  of  glucose-6-P 
and  non-glycogen  glucose-1 -P  (Washington,  1971).  Evidence  for  such  has  been 
shown  in  that  phosphoglucomutase  is  present  in  vegetative  cells  (Firtel  and 
Bonner,  1970;  Washington,  1971). 

The  enzyme  phosphoglucomutase  reversibly  catalyzes  glucose -6-P  toglucose- 
1-P.  It  was  assumed  that  some  of  the  products  were  available  in  amoebae;  there¬ 
fore,  this  permitted  the  synthesis  of  trehalose-6-phosphate.  The  enzyme  alkaline 
phosphatase  has  been  shown  to  be  present  in  D.  discoideum  (Loomis,  1969). 
Therefore,  trehalose-6-phosphate  could  easily  be  converted  to  trehalose.  Tre¬ 
halose  accumulation  in  amoebae  is  possibly  controlled  by  the  presence  of  high 
trehalase  activity.  This  enzyme  has  also  been  shown  to  be  regulated  during  de¬ 
velopment  of  A  discoideum  (Ceccarini,  1965). 
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ABSTRACT 


Previous  investigations  in  our  laboratory  indicated  that  folic  acid  and  several  other 
pteridines  influenced  growth  and  development  in  the  cellular  slime  mold,  Dictyostelium 
discoideum.  In  this  investigation  the  amount  of  folate,  infused  in  50  ml  of  SM/5  agar,  which 
influenced  growth  and  development  has  been  determined.  When  approximately  5  x  10^ 
amoebae  were  put  onto  SM/5  agar  containing  folate,  0.01-1.0  g/5  0  ml,  development  was 
inhibited  relatively  to  the  concentration  of  folate  used.  When  surface  zones  on  the  agar  con¬ 
taining  low  concentrations  of  folate  were  cleared,  development  occurred.  However,  cellular 
aggregation  did  not  occur  up  to  120  hrs  after  initiating  incubation  on  plates  containing  1  g 
of  folate.  The  enzyme,  dihydrofolate  reductase,  has  also  been  shown  to  be  regulated  during 
morphogenesis  of  D.  discoideum.  The  greatest  amount  of  enzymatic  activity  was  found  in 
amoebae  but  decreased  4  hrs  after  initiating  development. 

INTRODUCTION 


The  cellular  slime  mold,  Dictyostelium  discoideum  was  first  cultured  in  the 
laboratory  by  Raper  (1935).  The  developmental  cycle  o^ D.  discoideum  includes 
4  major  stages:  (a)  the  vegetative  stage,  where  the  organism  exists  as  single  cells 
until  the  food  supply  is  exhausted;  (b)  the  aggregative  stage,  where  the  cells  be¬ 
come  clustered  after  exhausting  the  food  supply;  (c)  the  migrating  stage,  which 
is  characterized  by  the  formation  of  a  pseudoplasmodium  and  slime  sheath  and 
(d)  the  culminating  stage,  resulting  in  the  formation  of  a  mature  non -motile  struc¬ 
ture  made  up  of  spore  and  stalk  cells  (Raper,  1940). 

Associated  with  the  morphological  changes  in  D.  discoideum  are  the  simulta¬ 
neous  production  of  many  biochemical  products  (Ashworth  and  Watts,  1970, 
White  and  Sussman,  1961,  Wright  and  Anderson,  1959,  Wright,  et  al,  1973). 
Some  of  these  macromolecular  products  were  carbohydrates  (glycogen,  glucose, 
trehalose),  proteins,  RNA  and  several  enzymes  (Krichevsky  and  Love,  1964, 
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1965;  Wright  and  Anderson,  1959;  Wright,  al ,  1973).  A  large  amount  of  protein 
and  carbohydrates  were  produced  during  the  vegetative  stage  (Wright, er  al.,  1968). 
This  was  followed  by  a  very  rapid  decrease  in  total  protein  and  carbohydrates 
during  the  first  stage  of  morphogenesis.  At  later  stages  a  steady  level  of  carbohy¬ 
drates  and  protein  were  obtained.  These  changes  were  thought  to  be  linked  with 
specific  morphogenetic  events  (White  and  Sussman,  1961). 

Tetrahydrofolic  acid  was  another  metabolic  product  that  seemed  to  have  been 
regulated  during  growth  and  development  of  D.  discoideum  (Toye,  1977).  Pan, 
et  al,  (1972)  reported  that  folic  acid  secreted  by  bacteria  served  as  a  chemotactic 
substance  for  vegetable  amoebae  cells.  However,  in  a  previous  investigation, 
results  obtained  from  single  deletion  of  several  B-vitamins  indicated  that  folic 
acid  also  stimulated  the  rate  of  cell  division  in  strain  AX-1  off),  discoideum. 

The  present  work  is  concerned  with  the  effect  of  folic  acid  on  growth  and 
development  and  the  regulation  of  the  enzyme  dihydrofolate  reductase  in  D. 
discoideum. 


MATERIALS  AND  METHODS 
Strain  and  Media 

Amoebae  of  the  haploid  strain  AX-1  of  D.  discoideum  were  used  in  this  ex¬ 
periment.  Modified  HL-5,  medium  for  culturing  amoebae,  was  prepared  as  follows: 
Solution  A  contained  in  650  ml  of  water,  10  g  of  proteose  peptone  and  5  g  of 
yeast  extract.  One  hundred  ml  portions  of  this  solution  were  put  into  250  ml 
flask  and  autoclaved  at  121  C  and  15  psi  for  15  min.  Solution  B  contained  in  1  C 
of  distiUed  water  0.77  g  of  Fe(NH4)2S04-6H2  0;  0.03  g  of  CaC^ ;  0.03  g  of 
MgCl2-6H2  0)  and  1.2  g  of  NaCl.  Aliquots  of  Solution  B  were  filter  sterilized, 
using  0.22  q  filters,  as  needed.  Solution  C  was  a  27%  solution  of  glucose.  For 
culturing  amoeb  ae ,  1  ml  of  Solution  B  was  added  to  1 00  ml  of  Solution  A  and  4  ml 
of  Solution  C.  Ten  ml  of  this  mixture  were  aseptically  transferred  to  sterile  25 
X  100  mm  culture  tubes. 

Culturing  and  Harvesting  Amoebae 

Spores  of  D.  discoideum,  grown  on  agar  containing  Enterobacter  aerogenes, 
were  harvested  by  swooping  a  sterile  microbial  loop  containing  sterile  H2O  across 
stalks  bearing  sorocarps.  These  spores  were  then  put  into  standing  tubes,  25  x 
100  mm,  containing  HL-5  medium  and  incubated  at  22  C.  After  the  spores 
germinated  and  reached  a  cell  concentration  of  1  x  10^  cells/ml,  they  were  put 
on  a  gyrotory  shaker  and  agitated  at  195  cyc/min.  Cell  growth  was  determined 
by  counting  the  cells  on  a  hemocytometer. 

Development 

When  the  amoebae  reached  a  logarithmic  growth  of  1  x  10^  cells/ml,  they 
were  harvested  by  centrifuging  at  3000  rpm  for  5  min  at  20  C,  washed  in  10  ml 


DICTYOSTELIUM  DISCOIDEUM 


179 


of  0.01  M  phosphate  solution  (pH  6.8),  resuspended  in  5  ml  of  0.01  M phosphate 
solution  and  plated  at  3. 0-5.0  x  10*^  cells  on  Whatman  No.  50  filter  paper.  The 
filter  paper  was  placed  on  Millipore  absorbent  pads  in  60  x  15  mm  petri  dishes. 
The  pads  were  pre -saturated  with  pad  diluting  fluid  (Roth  and  Sussman,  1968). 
Inoculated  petri  dishes  were  put  in  a  closed  glass  bowl  and  incubated  in  the  dark 
at  22  C.  Mature  fruiting  bodies  appeared  24  hrs  after  plating. 

Amoebae,  cultured  for  developmental  studies,  were  harvested  by  removing 
filters  every  4  hrs  for  24  hrs  from  the  growth  chamber.  The  filters  were  then  put 
into  25  X  100  mm  tubes,  held  firmly  to  the  side  by  forceps,  containing  10  ml  of 
cold  0.01  M  phosphate  solution.  Amoebae  were  then  removed  from  the  filters 
by  vortexing  the  buffer  solution  onto  the  filters.  All  samples  were  then  passed 
through  a  French  pressure  cell,  using  a  Wabash  press,  at  8,000-10,000  psi,  and 
lypholyzed.  Each  lypholyzed  sample  was  resuspended  in  3  ml  of  H2  O  and  frozen 
until  needed  for  enzyme  study  and  protein  determination. 

Effect  of  Folic  Acid  on  Morphogenesis  ofD,  discoideum 

Petri  plates  containing  SM/5  agar  with  different  concentrations  of  folic  acid 
were  used  to  study  the  influence  of  folate  on  aggregation  and  growth  of  D.  dis¬ 
coideum,  SM/5  agar  was  prepared  as  follows:  dissolved  in  1  £  of  water  were  2  g 
of  glucose,  2  g  of  proteose  peptone,  0.2  g  of  MgS04, 0-5  g  of  KH2PO4,  1  g  of 
K2HPO4,  0.2  g  of  yeast  extract,  and  20  g  of  bacto-agar.  The  mixture  was  placed 
in  500  ml  flasks  in  250  ml  portions,  autoclaved  at  121  C  and  15  psi  for  15  min. 
After  the  medium  was  removed  from  the  autoclave,  folate  was  added  to  each 
flask  at  a  final  concentration  of  1%,  0.75%,  0.35%,  0.1%,  0.09%,  0.05%,  0.025%, 
and  0.01%.  Solid  NaHCOs  was  added  to  the  flasks  to  aid  in  the  solubility  of 
folic  acid.  Agar  from  each  flask  was  poured  into  100  x  15  mm  petri  dishes,  al¬ 
lowed  to  solidify,  and  were  then  stored  at  22  C  in  the  dark  to  prevent  photolysis 
of  folic  acid.  Cells  were  harvested  by  centrifuging  them  at  3000  rpm  and  then 
washed  twice  in  0,01  M  phosphate  solution  (pH  6.8).  Spread  plates  were  made 
by  adding  cells  at  a  concentration  of  5.2  x  10^  cells/plate.  The  inoculated  plates 
were  incubated  in  the  dark  at  22  C  and  monitored  periodically  for  24  hrs. 

Dihydro  folic  Acid  Reductase  Assay 

Cells  that  had  been  put  on  Whatman  No.  50  filters  and  development  initiated 
were  used  for  dihydrofolate  reductase  studies.  The  harvesting  procedure  was 
described  earlier.  The  procedure  used  to  assay  for  dihydrofolate  reductase  was  a 
modification  of  the  method  used  by  Osborn  and  Huennekens  (1958).  Tubes  were 
labeled  0-24  hrs.  In  each  tube  50  jumol  of  phosphate  buffer,  (pH  7.5),  0.1  pmol 
of  FH2 , 0.1  jumole  of  NADPH,  and  10  pmol  of  2-mercaptoethanol  were  added. 
The  reaction  was  initiated  by  the  addition  of  0.1  ml  of  enzyme  (slime  mold  cell- 
free  extract).  These  tubes  were  immediately  placed  in  a  25  C  water  bath  for  5 
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min.  Afterwards,  the  enzymatic  reaction  was  stopped  by  placing  the  tubes  in  a 
boiling  water  bath  for  2  min.  Uniform  cooling  of  the  tubes  was  done  by  placing 
them  in  an  ice  bath.  When  the  tubes  cooled,  they  were  read  at  340  nm  using 
a  Gilford  Spectrophotometer.  Three  controls  were  used  in  this  assay.  They  were 
as  follows:  no  NADPH,  no  FH2  ,  and  boiled  enzyme. 

Protein  Analyses 

Total  protein  was  determined  by  the  method  of  Lowry,  et  al,  (195 1). 

Temperature  and  pH  Dependence  Assay 

Cell-free  extracts  of  amoebae  were  used  for  the  temperature  and  pH  dependence 
assay  of  dihydrofolic  acid  reductase.  The  assay  procedure  for  this  enzyme  was 
described  previously  with  the  exception  of  the  temperature  which  was  run  at  17-26  C 
and  2°  intervals.  The  pH  assay  procedure  was  the  same  as  described  above  with 
the  exception  of  the  temperature  which  was  held  constant  at  25  C  and  the  pH  of 
the  phosphate  solution  varied  from  4.0-8 .0  using  0.5  intervals. 

RESULTS 

Effect  of  Folic  Acid  on  Morphogenesis  of  D.  discoideum 

The  results  of  these  analyses  showed  that  0.1%-1.0%  concentrations  of  folic 
acid  totally  inhibited  cellular  aggregation  up  to  24  hrs  after  initiating  devel¬ 
opment.  Cellular  aggregation  and  development  occurred  in  lower  concentrations 
but  inhibition  of  the  process  varied  according  to  folate  concentrations.  In  the 
0.01%  through  1.0%  concentrations  of  folate,  cellular  aggregation  occurred  as 
described  in  Table  1 . 


TABLE  1 


%  of  Folic  Acid 
in  SM/5  Agar 

Morphological  Events  24  Hrs  After 

Initiating  Development 

0.01 

Mostly  mature  fruiting  bodies  and  aggregated  centers 

0.025 

Mostly  stalks  and  aggregated  centers;  a  few  mature 
fruiting  bodies 

0.05 

A  few  stalks  and  pseudoplasmodia;  beginning  aggreg¬ 
ation  of  amoebae  was  also  evident 

0.09 

Mostly  clumped  amoebae  or  initial  stages  of  aggrega¬ 
tion;  a  significant  number  of  free  amoebae  were  present 

0.1 

Mostly  free  amoebae;  very  little  clumping  of  cells 

1.0 

Free  amoebae;  no  cellular  aggregation 
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DihydrofoUc  Acid  Reductase  Assay 

The  results  from  analyses  of  crude  cellular  extract  indicated  that  from  0-4  hrs 
after  initiating  development,  NADPH2  was  rapidly  oxidized  to  NADP.  This  along 
with  the  use  of  appropriate  controls  was  interpreted  to  mean  that  there  was  a 
large  amount  of  dihydrofoHc  acid  reductase  present  (Fig.  1). 


Figure  1.  Dihydro  folate  reductase  activity  as  indicated  by  NADPH2  conversion  to  NADP. 

Amoebae  grown  in  HL-5  medium  were  harvested  and  used  for  developmental 
analyses.  Cells  plated  onto  Whatman  No.  50  filters  were  harvested  at  intervals 
of  4  hrs  over  a  24-hr  period.  The  harvested  samples  were  kept  frozen  until 

used  for  enzyme  analysis.  This  figure  shows  NADPH2  - ^  NADP  • 

which  indicated  the  regulation  of  dihydro folate  reductase  A— A  activity  during 
development.  This  assay  was  done  in  a  phosphate  buffer  pH  7.5  at  25  C. 
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Temperature  and  pH  Dependence  Assay 

The  optimum  pH  obtained  for  dihydrofolic  acid  reductase  was  7.5  (Fig.  2). 
The  optimum  temperature  obtained  for  dihydrofolic  acid  reductase  was  24  C  (Fig.  3). 


Figure  2.  pH  dependence  assay.  Cell-free  extract  of  amoebae  grown  in  HL-5  was  used  in 
this  assay.  The  pH  assay  procedure  was  the  same  as  described  earlier  except 
that  the  pH  of  the  phosphate  buffer  used  ranged  from  4. 0-8.0  using  0.5  intervals. 
Maximum  enzyme  activity  was  obtained  at  pH  7.5. 
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Figure  3.  Temperature  dependence.  The  assay  procedure  for  dihydrofolate  reductase  has 
been  described.  In  this  analysis  the  temperature  range  was  from  17  C  to  26  C 
using  2  intervals.  The  optimum  temperature  obtained  was  24  C. 


DISCUSSION 

Earlier  investigations  in  our  laboratory  have  shown  that  amoebae  of  D.  dis- 
coideum  utilized  folic  acid  as  a  growth  substance.  Folic  acid  stimulated  the  rate 
of  cell  division  in  D.  discoideum  when  amoebae  were  put  into  an  axenic  medium. 
Additional  evidence  which  showed  that  folic  acid  was  required  as  a  growth  sub¬ 
stance  for  the  cellular  slime  mold  was  reported  by  Franke  and  Kessin  (1977). 
Their  investigation  showed  that  strain  AX--3  of  D.  discoideum  did  not  grow  after 
folic  acid  was  eliminated  from  the  minimal  medium  in  which  the  organism  grew. 
Pan,  et  ah,  (1972)  in  a  much  earlier  investigation  reported  that  folic  acid  played 
another  significant  role  in  the  cellular  slime  mold.  In  this  case  folic  acid  served 
as  a  second  chemotactic  substance  or  as  an  acrasin. 
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In  this  investigation,  it  is  reported  that  folic  acid  inhibited  cellular  aggregation 
and  promoted  cell  division.  In  addition  dihydrofolate  reductase  has  been  shown 
to  be  regulated  in  D.  discoid eum,  strain  AX-1 ,  during  development.  The  combin¬ 
ation  of  results  described  strongly  suggest  that  these  events  were  controlling 
mechanisms  involved  in  the  morphogenesis  of  D.  discoideum. 

Direct  evidence  showing  how  folic  acid  and  dihydrofolate  reductase  control 
morphogenesis  has  not  been  obtained.  However,  the  present  evidence  had  led 
one  to  believe  that  folic  acid  stimulated  cell  division  and  inhibited  cellular  ag¬ 
gregation  indirectly  through  the  continuous  synthesis  of  thymidine.  The  repeated 
synthesis  of  thymidine  was  thought  to  stimulate  DNA  synthesis  which  in  turn 
promoted  cell  division.  Evidence  of  continuous  cell  division  was  noticeable  in 
the  increased  number  of  amoebae  on  agar  plates  containing  folate. 

Although  thymidine  is  not  the  only  component  that  was  necessary  for  DNA 
synthesis  in  the  events  described,  in  this  case  it  could  have  been  a  limiting  factor. 
Evidence  that  cell  division  and  aggregation  were  under  similar  controls  has  been 
presented  by  other  investigators.  The  addition  of  adenine  to  amoebae  undergoing 
morphogenesis  inhibited  sorocarp  formation  (Krichevsky  and  Love,  1964).  Also, 
cyclic  AMP  has  been  shown  to  be  in  low  concentrations  in  amoebae  but  increased 
during  morphogenesis.  The  enzyme  cyclic  AMP  phosphodiesterase  activity  was 
high  in  amoebae.  These  events  could  be  interpreted  to  mean  that  cyclic  AMP  was 
kept  at  low  concentrations  in  amoebae  so  that  some  of  the  adenosine  was  available 
for  DNA  synthesis,  thereby  keeping  the  cells  in  a  state  that  promoted  cell  division. 
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North  Texas  State  University 
Denton  76203 

INTRODUCTION 

The  adoption  of  a  biology  textbook  that  stresses  the  Bible’s  Genesis  version 
of  hov^  life  began  on  earth  as  opposed  to  the  theory  of  evolution  has  recently 
been  ruled  unconstitutional  by  a  superior  court  judge  in  Indianapolis.  The  same 
series,  Biology:  A  Search  for  Order  in  Complexity ,  has  caused  controversy  in 
several  states  and  in  certain  Southwestern  cities  where  it  has  been  adopted  as  a 
supplemental  text.  The  textbook  series  has  been  presented  as  an  alternative  to 
the  teaching  of  evolution  as  a  unifying  theme  in  modern  biology. 

The  trend  toward  evolution  and  the  study  of  man  as  a  focal  point  in  various 
public  school  textbooks  and  curricular  materials  during  the  past  two  decades  has 
resulted  in  a  more  general  and  widespread  reaction  than  might  at  first  be  recognized. 
The  violent  protest  over  textbooks  in  West  Virginia  along  with  renewed  censor¬ 
ship  efforts  in  other  parts  of  the  country  appear  to  have  been  or  to  be  manifestations 
of  this  reaction.  Examples  abound,  ranging  from  an  attempt  by  the  Tennessee 
legislature  in  1973  to  ban  the  presentation  of  the  various  theories  of  man’s  origin 
to  the  insertion  of  conditional  statements  concerning  evolution  in  the  prefaces 
of  science  textbooks  in  California,  Texas  and  other  states.  In  this  kind  of  setting, 
the  pressure  upon  publishers  to  censor  their  public  school  textbooks  by  editing 
has  been  both  subtle  and  intense. 

The  way  that  editing  can  be  used  as  a  censorship  tool  is  generally  obvious  in 
areas  like  the  social  studies.  Instances  of  rewriting  history,  or  omitting  relevant 
materials  so  as  to  change  the  meaning  of  history  are  often  cited  as  examples.  The 
materials  under  discussion,  however,  represent  an  almost  novel  approach,  that  is, 
the  rewriting  of  biology  in  order  to  present  only  the  creationists  viewpoint  in  a 
favorable  light. 

This  approach  is  facilitated  throughout  the  text,  beginning  with  the  presentation 
of  the  creationists  view  and  the  evolutionary  view  as  models.  The  materials  then 
proceed  to  present  and/or  omit  material  in  a  way  that  supports  the  one  model 
and  discredits  the  other.  Examples  of  this  type  of  censorship  by  editing  abound 
throughout  the  text . 


Accepted  for  publication :  October  23,  1979. 
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The  materials  in  question  will  no  doubt  receive  widespread  usage  in  private 
schools.  In  the  public  school  arena  however,  the  controversy  will  probably  continue 
until  other  court  decisions  clarify  the  first  amendment  questions  being  raised  as 
to  their  acceptability.  Finally,  it  would  seem  that  the  primary  consideration  as 
to  their  usage  should  be  in  accord  with  sound  scholarship  and  should  not  represent 
a  retreat  from  knowledge  based  on  ideology. 


IS  THERE  A  SCIENTIFIC  METHOD?' 


by  J.  A.  SCHUFLE 

Professor  of  Chemistry, 

N.  M.  Highlands  University, 

Las  Vegas  87701 

ABSTRACT 

The  common  outline  of  the  scientific  method,  as  presented  in  most  freshman  textbooks 
of  science,  begins  with  observations,  and  proceeds  by  inductive  methods  to  develop  hypotheses, 
theories  and  laws.  Consideration  of  this,  however,  indicates  difficulties  in  making  observa¬ 
tions  without  prior  theories.  A  new  concept  of  the  scientific  method  is  presented  for  consider¬ 
ation. 


INTRODUCTION 

In  many  elementary  textbooks  of  science  the  scientific  method  is  almost  taken 
for  granted.  In  recent  times,  however,  the  classic  outline  of  the  scientific  method 
is  being  questioned.  Let  us  first  consider  the  classic  outline  of  the  scientific  method. 

James  Bryant  Conant  attributes  the  classic  statement  of  the  “scientific  method” 
to  Karl  Pearson  about  a  century  ago.  Linus  Pauling,  twice  the  winner  of  the  Nobel 
Prize,  in  his  textbook  “College  Chemistry,”  describes  the  Scientific  Method: 

“Part  of  the  scientific  method  is  the  requirement  that  the  investigator  be 
willing  to  accept  all  of  the  facts.  He  must  not  be  prejudiced;  prejudice 
might  keep  him  from  giving  proper  consideration  to  some  of  the  facts,  or 
to  some  of  the  logical  arguments  involved  in  applying  the  scientific  method, 
and  in  this  way  keep  him  from  getting  the  right  answer.  If  you  were  to  say 
“I  have  made  up  my  mind— don’t  confuse  me  with  a  lot  of  facts,”  you  would 
not  be  applying  the  scientific  method. 

“The  first  step  in  applying  the  scientific  method  is  to  obtain  some  facts, 
by  observation  and  experiment.  The  next  step  is  to  classify  and  correlate 
the  facts  by  general  statements.  If  a  general  statement  is  simple  in  form  it 
may  be  called  a  law  of  nature.  If  it  is  more  complex  it  is  called  a  theory. 
Both  laws  of  nature  and  theories  are  called  principles.'^ 


'Prepared  for  presentation  at  the  meeting  of  the  New  Mexico  Academy  of  Science,  Portales, 
29-30  Sept.,  1978. 

Accepted  for  publication:  October  15,  1978. 
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Note  that  Dr.  Pauling  feels  compelled  to  preface  the  actual  description  of  the 
scientific  method  by  the  cautious  warning  to  the  observer  to  accept  all  of  the 
facts.  Now  obviously  this  is  not  possible,  literally  speaking,  or  we  would  not  need 
to  analyze  our  data.  We  commonly  find  observations  which  are  widely  divergent 
from  the  norm,  and  we  have  devised  standard  statistical  methods  for  deciding 
when  to  reject  an  observation.  The  International  Critical  Tables  is  a  compilation 
of  values  of  data  on  physical  properties  of  substances,  which  data  have  been 
critically  analyzed  in  just  such  a  manner  to  eliminate  extraneous  results,  and  to 
give  only  the  “best”  values. 

Dr.  Pauling  states  that  the  observer  must  not  be  prejudiced.  What  does  he 
mean  by  that?,  if  having  some  primitive  theories  already  fixed  in  our  minds  is  to 
be  prejudiced.  The  textbook  for  the  Chem  Study  program  in  chemistry  has  an 
experiment  on  observation  of  a  burning  candle.  The  students  are  instructed  to 
make  as  many  observations  as  they  can  of  a  burning  candle.  In  the  Teachers  Guide 
there  are  listed  57  such  observations.  Then  the  student  is  asked  to  generalize  his 
observations  into  some  kind  of  general  theory  about  combustion.  This,  he  is  told 
is  representative  of  the  process  of  induction,  reasoning  from  the  particular  to  the 
universal. 

Now  in  the  first  place,  every  one  of  57  official  observations  of  a  burning  candle 
have  built  into  them  previous  knowledge  and  theories  which  conceivably  could 
prejudice  the  observer.  For  example,  “the  wax  melts,”  assumes  that  the  observer 
“knows”  what  wax  is,  and  also  what  the  verb  “to  melt”  means.  I  believe  it  is  ap¬ 
parent  that  no  one  can  make  observations  without  preconceived  notions  about 
what  it  is  he  observes. 

Perhaps  we  could  try  a  little  experiment  and  see  if  it  teaches  us  anything.  When 
I  give  a  signal  by  the  drop  of  the  pencil  on  the  table,  I  want  everyone  in  the  room 
to  start  observing.  When  I  give  another  signal,  stop  observing  and  then  we  will  go 
on  from  there.  (Drop  pencil). 

(Someone  raises  hand  and  says,  “What  do  you  want  us  to  observe?”) 

That  is  exactly  my  point.  We  can’t  make  observations  in  a  vacuum.  We  must 
be  trying  to  solve  some  problem,  when  we  set  out  to  make  observations.  For  ex¬ 
ample,  what  is  the  object  of  observing  the  burning  candle.  Perhaps  we  want  to 
answer  the  question,  “What  happens  when  a  candle  burns?”,  or  “What  is  the 
cause  of  combustion?”  Then  our  observations  can  have  a  point,  and  we  can  “dis¬ 
cover”  the  natural  law  that  phlogiston  is  given  off  when  a  substance  burns.  Yes, 
that  is  very  likely  to  be  the  law,  or  theory  about  combustion,  that  we  discover  if 
all  we  do  is  look  at  the  burning  candle.  To  discover  that  oxygen,  part  of  the  at¬ 
mosphere,  is  taken  in  during  combustion  is  a  much  more  difficult  discovery  to 
make ,  and  requires  much  more  complex  equipment  for  catching  the  CO2  produced 
and  weighing  it. 

The  first  step  in  Dr.  Pauling’s  scientific  method  is  “to  obtain  some  facts  by 
observation  and  experiment.”  Alright,  here  are  some  facts:  “The  sun  rose  this 
morning,”  “This  is  a  black  raven,”  “Sand  contains  silicon,”  “I  have  brown  eyes.” 
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Now  apply  the  scientific  method  to  those  facts,  obtained  by  observation  and  ex¬ 
periment.  Obviously  this  is  ridiculous.  You  don’t  just  obtain  facts  at  random, 
you  must  collect  facts  for  a  reason,  to  answer  a  question,  or  to  solve  a  problem. 

In  Darwin’s  theory  of  evolution,  the  phrase  “survival  of  the  fittest,”  describes 
a  process  in  which  living  organisms  come  up  against  some  inhibiting  circumstance 
in  their  environment,  a  sudden  change  in  temperature,  let  us  say.  Those  individual 
organisms  which  can  solve  the  problem  of  the  change  in  temperature  and  adjust 
to  it  can  survive,  those  that  cannot  die  off.  Survival  for  living  organisms  then,  is 
a  continuous  process  of  problem  solving.  I  believe  the  scientist  works  in  a  similar 
way.  In  the  scientific  method,  the  scientist  is  setting  out  first  to  solve  a  problem. 

How  does  he  proceed  to  solve  this  problem?  According  to  Dr.  Pauling,  he 
studies  his  facts  and  observations,  and  by  induction  arrives  at  a  general  theory  or 
law  of  nature.  What  is  the  purpose  of  this  theory  or  law?  Presumably  to  enable 
the  scientist  to  establish  the  behavior  of  the  system  being  studied,  and  thus  be 
able  to  predict  its  behavior  in  the  future. 

But  2  centuries  ago  the  Scottish  philosopher,  David  Hume,  pointed  out  that 
“even  after  the  observation  of  the  frequent  constant  conjunction  of  objects  we 
have  no  reason  to  draw  any  inference  concerning  any  object  beyond  those  of 
which  we  have  had  experience.”  We  can  only  report  what  we  observe,  and  we  have 
no  way  to  predict  the  future.  To  do  so  is  to  practice  on  a  secular  scale  what  Pres¬ 
byterians  are  supposed  to  believe  in,  predestination.  The  belief  in  laws  of  nature, 
whether  we  like  it  or  not,  is  belief  in  predestination. 

An  example  of  natural  law  is  Newton’s  law  of  gravity.  The  humorous  philos¬ 
opher  used  to  state  Newton’s  law  in  a  nut-shell,  “what  goes  up,  must  come  down .” 
But  that  was  before  we  developed  energy  sources  strong  enough  to  send  an  ob¬ 
ject  up  with  a  speed  greater  than  25,000  mi/hr. 

If  there  is  no  such  thing  as  a  law  of  nature,  what  is  it  we  scientists  are  doing 
then?  We  are  arriving  by  trial -and-error  methods  of  problem  solving  at  statements 
and  theories  which,  to  the  best  of  our  abilities,  represent  our  understanding  of 
our  environment.  The  “laws  of  nature”  that  we  discover  are  nothing  else  but  our 
conjectures,  our  trial  balloons  that  we  send  up  to  test  the  scientific  atmosphere. 
Similarly,  we  could  say  there  is  no  such  thing  as  truth,  only  versimilitude,  sem¬ 
blance  to  truth  until  proven  wrong.  How  many  truisms  are  constantly  disproven? 
Ben  Franklin’s  “Poor  Richard”  said  “a  penny  saved  is  a  penny  earned.”  Do  you 
still  believe  this  in  these  days  of  inflation?  We  have  already  mentioned  the  dif¬ 
ficulty  with  “what  goes  up,  must  come  down.”  Can  you  think  of  others?  What 
about,  “the  sun  rises  every  24  hours?”  Is  that  true?  Yes,  unless  you  are  at  the 
North  Pole,  or  on  your  way  to  the  Moon. 

Karl  Popper  says  the  line  of  demarcation  between  science  and  nonscience  is 
falsifiability.  The  more  falsifiable,  the  more  easily  tested  a  statement  is,  the  bet¬ 
ter  it  fits  into  the  framework  of  science.  What  we  scientists  do  is  test  our  theories, 
but  the  theories  come  first.  Or  perhaps  we  should  say  we  start  with  a  problem 
we  want  to  solve.  We  develop  an  idea,  a  theory,  for  solving  the  problem,  then  we 
test  our  theory.  We  try  to  disprove  it,  since  there  is  no  way  we  can  “prove”  a 
theory. 
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The  logical  positivists  would  say  that  the  difference  between  an  hypothesis,  a 
theory,  and  a  law,  is  the  degree  to  which  they  have  been  verified.  So  they  are 
constantly  seeking  to  verify  their  theories.  They  ought  to  be  doing  just  the  op¬ 
posite.  They  should  be  trying  to  falsify  their  theories,  to  refute  their  conjectural 
statements. 

Can  we  summarize  these  remarks  in  any  way  to  salvage  what  we  could  call  a 
scientific  method?  I  say  yes,  but  it  is  entirely  different  from  the  scientific  method 
we  have  been  classically  taught.  The  scientist  starts  with  a  problem  he  wants  to 
solve.  He  may  make  some  preliminary  experiments  to  get  an  idea  about  what  is 
going  on.  Then  he  develops  an  hypothesis  about  how  to  solve  his  problem.  He 
then  tests  his  hypothesis  to  try  to  falsify  it.  If  it  stands  up  under  tests  he  may  call 
it  a  theory,  and  so  on. 

Is  this  new  way  of  looking  at  the  scientific  method  important?  I  think  it  is.  In 
teaching  our  students  that  scientists  start  with  observations,  we  may  be  misleading 
them.  We  are  stressing  data  gathering  over  model  building,  and  it  ought  to  be  the 
other  way  round.  I  am  confident  that  a  complete  restructuring  of  the  way  we 
teach  science  is  required. 
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Abstracts:  Texas  Branch  American  Society  for  Microbiology 
Houston  Marriott,  Houston,  Texas 
November  30-December  2,  1978 

PRODUCTION  OF  BOVINE  INTERFERON  IN  VITRO.  A.  D.  H.  Luk,  J.  M.  HeUman, 
S.  S.  Lefkowitz,  W.  E.  Stewart  II,  and  S.  K.  Tyring,  Texas  Tech  University  School  of 
Medicine,  Lubbock  79430. 

This  study  was  designed  to  elucidate  certain  properties  of  bovine  interferon.  The  kinetics 
of  interferon  production  in  vitro  were  studied  using  various  interferon  inducers  and  cell 
types.  The  incubation  of  10  jL«g/ml  of  polyriboinosinic  acid-polyribocytidylic  acid  (poly  I:C) 
with  bovine  embryonic  kidney  cells  resulted  in  the  production  of  15,000  units  of  interferon/ml 
of  medium.  The  same  amount  of  poly  I:C  induced  450  units/ml  in  lymphocyte  cultures. 
Interferon  production  in  lymphocyte  cultures  stimulated  with  10  jUg  concanavalin  A/ 10^ 
cells  followed  a  biphasic-pattern.  The  first  interferon  peak  which  contained  approximately 
250  units/ml,  was  observed  10-hrs  post  induction.  The  titer  decreased  before  the  second 
phase  of  production  occurred  which  was  10  to  20  times  that  value.  The  latter  peak  occurred 
by  the  third  day  of  incubation. 

Both  the  poly  I:C  induced  interferon  (Type  I)  and  mitogen  induced  interferon  (Type  II) 
of  bovine  origin  were  found  to  be  sensitive  to  dialysis  at  pH2.  Dialysis  at  pH4  inactivated 
concanavalin  A  induced  interferon  but  not  that  induced  by  poly  I:C.  These  results  suggest 
certain  differences  between  bovine  interferon  and  that  produced  by  other  species. 

COMPARISON  OF  INTERFERON  PRODUCTION  IN  VARIOUS  MOUSE 
STRAINS.  S.  K.  Tyring,  S.  S.  Lefkowitz,  W.  E.  Stewart,  and  A.  D.  Luk.,  Texas  Tech 
University  School  of  Medicine,  Lubbock  79430. 

Six  strains  of  male  mice,  12  weeks  old,  were  compared  for  their  ability  to  produce  inter¬ 
feron.  Polyriboinosinic  acid-polyribocytidylic  acid  was  employed  as  a  Type  1  inducer  both 
in  vivo  and  in  vitro  (spleen  cells).  The  Type  II  in  vivo  production  system  consisted  of  sensi¬ 
tization  with  cell  walls  of  Mycobacterium  tuberculosis  (strain  BCG)  and  challenge  with  old 
tubercuhn.  Type  II  interferon  was  induced  in  vitro  (spleen  cells)  by  concanavalin  A.  Inter¬ 
feron  titers  were  determined  by  plaque  reduction  assay  using  vesicular  stomatitis  virus  and 
mouse  L-929  cells. 

BDFi  and  C5  7BL/6J  mice  were  found  to  be  the  higliest  interferon  producers  in  all  4 
systems,  while  BALB/cByJ  and  NZB/BLNJ  mice  were  consistently  low  producers.  C3H/HEJ 
and  HA/ICR  mice  were  intermediate  producers.  Strain  differences  were  more  pronounced 
with  the  production  of  immune  specific  interferon  than  with  classical  interferon.  Further¬ 
more,  these  differences  were  expressed  more  in  vivo  than  in  vitro.  These  results  indicate  that 
strain  differences  previously  observed  using  viral  inducers  also  exist  using  a  variety  of  other 
interferon  inducers. 

EVALUATION  OF  FOUR  DIFFERENT  METHODS  FOR  ANTIMICROBIAL 
SENSITIVITY  TESTING.  C.  E.  Stager,  V.  Zain,  R.  D.  Wende,  and  S.  M.  H.  Qadri, 
Baylor  College  of  Medicine  and  University  of  Texas  Medicine  School,  Houston  77030, 
and  University  of  Oklahoma  Health  Science  Center,  Oklahoma  City  73190. 

The  agar  overlay  method  (AO),  Autobac  1  System  (Autobac),  Diversified  Biological 
Systems  (DBS)  and  Ames  Autotiter  10  system  (Ames)  for  antimicrobial  sensitivity  testing 
were  evaluated  using  the  standard  broth  dilution  method  as  the  basis  of  comparison.  Recent 
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clinical  isolates  including  members  of  the  fsimily  Enterobacteriaceae  and  various  nonfermenters 
were  used  in  this  study.  Discrepancies  between  each  system  and  the  standard  broth  dilution 
method  were  identified  and  evaluated  for  each  microorganism-antimicrobial  combination 
tested.  The  percent  agreement  of  each  system  with  the  standard  broth  dilution  method, 
based  on  preliminary  experience  with  50  strains,  was  as  follows:  AO,  95%;  Autobac,  95%; 

DBS,  96%;  and  Ames,  98%.  Prospective  evaluation  of  300  organisms,  including  rapid  growing 
gram  positive  isolates  is  in  progress.  Preparation  time  for  the  various  systems  ranged  from 
1  45  to  2  30  .  Actual  test  time  ranged  from  3  hr  to  18  hr.  Test  results  were  reported  auto¬ 
matically  by  the  Autobac  system,  while  AO,  DBS  and  Ames  systems  were  interpreted  sub¬ 
jectively.  Cost/test  ranged  from  $1.45  to  $3.20  for  the  various  systems. 

PHAGOCYTIC  AND  CYTOTOXIC  CAPACITY  OF  BRONCHOALVEOLAR 
MACROPHAGES  IN  THE  NORMAL  AND  SMOKING  BABOON.  S.  L.  Schneider,  1 

B.  McCullough,  N.  D.  Greene,  and  W.  R.  Rogers,  Southwest  Foundation  for  Research  I 
and  Education,  San  Antonio  78284  | 

A  procedure,  using  fiberoptic  instruments,  for  bronchoalveolar  lavage  (B  AL)  of  the  baboon  | 
{Papio  cynocephalus)  has  been  developed  and  evaluated.  The  procedure  was  apphed  to  normal  ri 
and  cigarette  smoking  animals  to  examine  selected  immunological  parameters  pertinent  to 
lung  defense.  Cytotoxicity  of  BAL  macrophages  against  xenogeneic,  tumorigenic  BALB/c 
3T12  and  nontumorigenic  3T3  fibroblast  targets  was  determined.  Smoker  macrophages 
showed  greater  killing  of  tumor  than  nontumor  mouse  target  cells  although  they  exhibited 
depressed  cytotoxic  ability  compared  to  nonsmoker  macrophages.  Smoker  macrophage 
phagocytosis,  measured  as  the  ability  of  lavaged  cells  to  ingest  latex  particles  in  vitro,  was 
74%;  mean  nonsmoker  phagocytic  ability  was  45%.  Levels  of  albumin,  IgG,  IgA,  and  IgM 
in  the  lavage  fluids  were  determined  to  assess  possible  alterations  in  local  protein  synthesis 
or  secretion  into  the  distal  airspaces.  The  smokers  showed  a  significant  decrease  in  albumin 
and  a  statistically  greater  IgA  level  than  nonsmokers.  These  studies  suggest  that  significant 
alterations  in  immune  capabilities  of  the  distal  airways  may  occur  in  the  smoking  animals, 
and  that  BAL  procedures  may  be  useful  for  assessing  these  changes. 

CHARACTERIZATION  OF  NEOCARZINOSTATIN-MEDIATED  DAMAGE  OF 
PM2  DNAUNDERNEUTRAL  AND  ALKALINE  CONDITIONS.  Wen-Lin  Kuo, 
Charles  W.  Haidle,  Kenneth  C.  Kroll  and  R.  Stephen  Lloyd,  The  University  of  Texas 
System  Cancer  Center,  Houston  77030. 

Neocarzinostatin-(NCS)-mediated  damage  of  purified  covalently  closed-circular  DNA 
from  bacteriophage  PM2  was  assayed  fluorometrically  using  agarose  gel  electrophoresis  after 
treatment  with  ethidium  bromide.  Extracellular  fragmentation  of  DNA  by  NCS  requires  the 
presence  of  a  reducing  agent  such  as  2-mercaptoethanol.  When  form  I  DNA  (superhelical, 
covalently  closed-circular)  was  reacted  with  NCS  and  the  damage  assayed  under  neutral 
conditions,  there  was  a  decrease  in  the  amount  of  form  I  DNA  and  a  simultaneous  increase 
in  form  II  DNA  (double-stranded  relaxed  circles,  resulting  from  single-strand  breaks).  There 
was  very  little  form  III  DNA  (double-stranded  linear  DNA)  formed  under  these  conditions. 

The  amount  of  form  III  DNA  produced  is  very  similar  to  that  expected  from  the  accumulation 
of  random  single-strand  breaks,  suggesting  that  NCS  does  not  introduce  direct  double¬ 
strand  breaks.  When  the  damage  is  assayed  under  non-denaturing  alkaline  conditions,  a  greater 
increase  in  the  amount  of  form  III  DNA  is  observed  which  may  result  from  the  introduction 
of  alkali-labile  sites  or  may  reflect  the  increased  “breathing”  distance  under  the  alkaline  condi¬ 
tions.  The  observed  decrease  in  form  I  DNA  and  increase  in  form  11  DNA  after  non-denaturing 
alkaline  treatment  are  only  slightly  higher  than  that  observed  under  neutral  conditions. 


ASM  ABST.,  FALL  1978 


197 


ON  THE  FERROUS  ION  STIMULATION  OF  BLEOMYCIN-MEDIATED  DAM¬ 
AGE  TO  PM2  DNA.  Kenneth  C.  Kroll,  Charles  W.  Haidle,  and  R.  Stephen  Lloyd,  The 
University  of  Texas  System  Cancer  Center,  Houston  77030. 

The  antibiotic  bleomycin  (BLM)  has  been  shown  to  participate  in  a  spectrum  of  DNA 
specific  damaging  reactions  which  are  greatly  stimulated  by  reducing  agents.  Recently,  it  has 
been  reported  that  ferrous  ion  stimulated  the  BLM-DNA  reaction  in  the  absence  of  any  other 
reducing  agent.  A  model  was  proposed  in  which  ferrous  ion  chelated  by  BLM  served  as  an 
initiator  of  DNA-damaging  free-radicals  and  the  BLM  served  only  as  a  shuttle  to  bring  the 
ferrous  ion  into  close  juxtaposition  to  DNA.  Further,  it  was  proposed  that  all  DNA  damage 
by  BLM  without  added  iron  was  due  to  trace  iron  contamination.  To  test  this  hypothesis 
we  have  used  the  sensitive  assay  system  of  agarose  gel  electrophoresis  in  conjunction  with 
covalently  closed  circular  bacteriophage  PM2  DNA  as  the  substrate.  X-ray  fluorescence 
spectroscopy  was  used  to  determine  the  trace  iron  contamination  present  in  the  reaction 
mixtures.  BLM  was  found  to  be  the  only  reaction  mixture  component  with  any  measurable 
iron,  but  only  at  trace  levels  of  0.045  mole  %  Fe.  The  results  of  these  studies  using  low  con¬ 
centration  of  BLM  and  ferrous  ion  revealed  that  ferrous  ion  does  indeed  stimulate  DNA 
breakage.  However,  in  the  presence  of  the  organic  reducing  agent  2-mercaptoethanol,  ferrous 
ion  did  not  show  any  further  stimulatory  effect.  It  was  concluded  that  ferrous  ion  acts 
merely  as  a  reducing  agent  in  the  BLM-DNA  reaction  and  not  as  a  unique  activator  of  BLM 
as  proposed. 

CHARACTERIZATION  OF  THE  DNA  TERMINI  PRODUCED  BY  BLEOMYCIN- 
MEDIATED  DOUBLE-STRAND  BREAKAGE.  R.  Stephen  Lloyd,  CharlesW.  Haidle, 
and  Donald  L.  Robberson,  The  University  of  Texas  System  Cancer  Center,  Houston. 
77030. 

Previously  it  was  demonstrated  that  reaction  of  the  antibiotic,  bleomycin  (BLM),  with 
superhelical  covalently  closed-circular  PM2  DNA  produces  a  wide  spectrum  of  specific 
lesions,  one  of  which  is  a  direct  double-strand  scission  to  yield  a  form  III  molecule.  BLM- 
mediated  double-strand  breaks  do  not  arise  by  an  accumulation  of  random  single-strand 
scissions,  but  are  produced  preferentially  at  many  discrete  sites  on  the  PM2  DNA  genome. 
Electron  microscopic  examination  of  these  form  III  DNA  molecules  revealed  a  small  fraction 
having  opposed  ends.  The  occurrence  of  molecules  with  opposed  ends  suggested  that  BLM 
was  producing  staggered  double-strand  breaks  with  dissociation  of  the  intervening  base 
pairs.  Form  III  DNA  molecules  were  purified  and  the  number  of  bases  comprising  the  single¬ 
strand  ends  was  calculated  from  the  ratio  of  cychzed  to  linearized  molecules  as  a  function  of 
temperature.  The  average  number  of  bases  between  the  staggered  double-strand  breaks  (the 
number  involved  in  cyclization)  was  calculated  to  be  between  1  and  2.  BLM-produced  form 
III  DNA  was  also  purified  and  treated  with  T4  polynucleotide  ligase  under  conditions  in 
which  99.5%  of  an  EcoRl  cleaved  SV40  DNA  became  ligated.  The  BLM-produced  form  III 
DNA  was  not  ligatable  under  these  conditions. 

ISOLATION  OF  DIFFERENT  CLASSES  OF  UGG-SUPPRESSORS  IN  E.  COLL 

Jack  R.  Childress  and  Emanuel  J.  Murgola,  Section  of  Molecular  Biology ,  M.  D.  Anderson 
Hospital  and  Tumor  Institute,  Houston  77030. 

As  part  of  this  laboratory’s  investigation  of  tRNA  structure-function  relationships,  we 
began  a  search  for  translational  suppressors  of  the  tryptophan  codon  UGG.  In  the  parent 
strain  was  a  mutant  trpA  containing  the  UGG  codon  and  also  supD,  a  serine-inserting  amber 
suppressor.  At  least  6  classes  of  UGG-suppressors  have  been  distinguished  so  far.  Members 
of  one  class  seem  to  be  derived  from  supD  since  they  arose  at  the  expense  ot' supD  activity 
and  are  approximately  10%  cotransducible  with  his.  The  second  class  appears  to  be  derived 
from  glyU,  a  GGG-reading  glycine  tRNA,  since  it  is  approximately  60%  cotransducible  with 
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lysA  and  displays  an  altered  tRNA  peak  after  reversed -phase  (RPC-5)  column  chroma¬ 
tography.  Two  other  classes  are  25%  cotransducible  with  metB  and  show  altered  g'/jg/’  tRNA 
peaks  after  RPC-5  chromatography.  Although  both  classes  appear  to  be  derived  fromg^/yT, 
one  class  reads  UGG  only,  whereas  the  other  responds  to  UGA  in  addition  to  UGG.  The 
remaining  (unmapped)  suppressors  comprise  at  least  2  classes  based  on  the  ability  to  respond 
to  UGA.  They  may  be  derived  imm  glyV55,  another  GGA/G-reading  glycine  tRNA,  or  they 
may  represent  novel  translational  suppressors  (e.g.  misacylated  tRNAs,  or  tRNA  modification 
enzymes). 

CYTOTOXIC  RESPONSE  OF  HAMSTER  LEUKOCYTES  TO  PARAINFLUENZA 
TYPE  3  VIRUS  INFECTION.  K.  A.  Kimmel,  W.  P.  Glezen,  and  P.  R.  Baylor 
College  of  Medicine,  Houston  77030. 

Parainfluenza  Type  3  (Para  3)  virus  is  a  leading  cause  of  pneumonia  and  bronchiohtis  in 
children.  The  Syrian  hamster  is  a  suitable  animal  model  for  the  study  of  the  pathogenesis  of 
Para  3  virus  infection,  since  it  has  been  shown  to  support  virus  replication  in  the  lung,  demon¬ 
strate  pathologic  changes  in  the  respiratory  tract,  and  produce  serum  antibody  after  intra¬ 
nasal  inoculation  with  live  virus.  To  study  cell  mediated  responses,  effector  leukocytes  were 
obtained  from  cervical  and  mediastinal  lymph  nodes,  and  from  the  lung  by  transpleural  lavage. 
Cytotoxic  activity  was  measured  by  ^  ^Cr  release  from  target  cells  infected  with  Para  3  virus, 
with  uninfected  target  cells  serving  as  controls.  All  organs  demonstrated  significant  cytotoxic 
responses  against  infected  target  cells.  Cytotoxicity  first  appeared  4  days  after  infection, 
peaked  at  7  days,  and  disappeared  by  10  days  after  infection.  Both  inbred  and  outbred 
hamsters  responded  to  infection  with  similar  levels  of  cytotoxicity  against  target  cells  which 
were  syngeneic  for  the  inbred  line.  These  results  suggest  that  ceU  mediated  immunity  is  an 
important  aspect  of  the  immune  response  to  Para  3  virus  infection,  and  merits  further  study 
to  characterize  the  mechanisms  involved. 

HUMAN  ENTEROVIRUSES  IN  OYSTERS  AND  THEIR  OVERLYING  WATERS. 

Sagar  M.  Goyal,  Charles  P.  Gerba,  and  Joseph  L.  Melnick,  Baylor  College  of  Medicine, 
Houston  77030. 

The  public  health  safety  of  oysters  and  their  overlying  waters  is  currently  judged  on  the 
basis  of  bacteriological  indicators  in  water  and  oysters.  The  outbreak  of  infectious  hepatitis 
which  occurred  in  Louisiana  and  Texas  due  to  the  consumption  of  shellfish  harvested  from 
bacteriologically  “safe”  waters  prompted  the  present  study.  Viruses  were  detected  in  water 
and  oyster  samples  obtained  from  Texas  Gulf  Coast  areas  both  open  and  closed  to  shellfish 
harvesting.  On  occasions,  viruses  were  isolated  from  waters  that  met  the  current  bacteriological 
standards  for  shellfish  harvesting.  Of  a  total  of  44  water  samples,  26  were  found  to  contain 
viruses  at  4-167  Ph’U/100  gal  sample.  Of  a  total  of  40  pools  of  10-12  oysters  each,  virus  was 
found  in  14  pools  at  a  concentration  of  6-224  PFU/1  OOg  of  oyster  meat.  Virus  types  isolated 
were  polio  1,  polio  2  and  echo  1.  No  statistical  correlation  was  demonstrated  between  virus 
concentration  in  oysters  and  the  bacteriological  quality  of  water  and  shelltish.  Viruses  in 
water  were,  however,  moderately  correlated  with  total  coliforms  in  water  and  oysters  and 
with  fecal  coliforms  in  oysters.  This  study  indicates  that  current  bacteriological  standards 
for  determining  the  safety  of  shellfish  and  shellfish-growing  waters  do  not  accurately  reflect 
the  occurrence  of  enteroviruses. 

DEVELOPMENT  OF  A  QUANTITATIVE  METHOD  FOR  THE  DETECTION  OF 
ENTEROVIRUSES  IN  SOIL.  Christon  J.  Hurst  and  Charles  P.  Gerba,  Baylor  College 
of  Medicine,  Houston  77030. 

One  of  the  unanswered  questions  concerning  the  land  treatment  of  wastewater  is  the  fate 
of  human  pathogenic  viruses  retained  in  the  soil.  The  purpose  of  this  work  was  the  develop¬ 
ment  of  a  quantitative  method  for  the  detection  of  enteroviruses  in  soil  following  the  land 
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treatment  of  wastewater.  The  soil  is  mixed  with  4  equal  volumes  of  pH  11.5  glycine  buffer 
containing  EDTA.  The  soil  and  buffer  mixture  is  then  centrifuged  to  remove  the  soil.  The 
eluted  virus  is  then  concentrated  from  the  supernatant  by  adjusting  the  supernatant  to 
0.06  M  AICI3  and  pH  3.5.  Following  this  adjustment,  the  pH  3.5  supernatant  is  centrifuged, 
the  resulting  pellet  is  suspended  in  fetal  calf  serum  and  assayed,  and  viruses  in  the  supernatant 
are  concentrated  on  and  eluted  from  Filterite  Duo-Fine  fiberglass  filters.  This  method  yields 
an  average  70%  recovery  for  the  various  enteroviruses  studied.  The  recovery  of  virus  from 
members  of  different  soil  families  was  dependent  on  soil  clay  content,  with  virus  recovery 
being  greatest  from  soils  of  low  clay  content.  This  method  was  used  to  estabhsh  a  depth 
profile  for  naturally  occurring  enteroviruses  beneath  rapid  infiltration  basins  used  for  the 
disposal  of  domestic  primary  and  secondary  sewage  effluent.  The  greatest  amount  of  virus 
was  found  in  the  uppermost  2.5  cm  of  soil. 

CONCENTRATION  OF  PHAGES  FROM  SEWAGE  BY  POSITIVELY  CHARGED 
MEMBRANE  FILTERS.  Katherine  S.  Krauss,  Sagar  M.  Goyal,  and  Charles?.  Gerba, 
Baylor  College  of  Medicine,  Houston  77030. 

Membrane  filter  adsorption-elution  methodology  is  the  most  widely  used  technique  for 
concentrating  animal  viruses  from  large  volumes  of  water  and  wastewater.  Since  this  technology 
requires  a  lowering  of  pH  of  the  sampled  water  to  3.5,  it  cannot  be  used  for  concentration 
of  bacteriophages  which  are  acid-sensitive.  Positively  charged  Zeta  Plus  filters  have  recently 
become  available;  their  use  does  not  entail  extreme  changes  in  sample  pH.  Thus,  4  different 
coliphages  were  found  to  adsorb  to  these  filters  at  ambient  pH  levels  (7-8)  when  suspended 
in  tap-water,  natural  water  and  secondarily  treated  sewage.  The  adsorbed  viruses  could  be 
eluted  with  a  small  volume  of  8%  beef  extract  containing  an  equal  volume  of  1  M  NaCl  at 
pH  9.  Using  this  method,  naturally  occurring  bacteriophages  were  concentrated  from  large 
volumes  of  raw  and  treated  sewage  witn  an  efficiency  of  recovery  of  about  55%. 

EFFECT  OF  MARINE  SEDIMENT  ON  THERMOINACTIVATION  OF  POLIOVIRUS. 

Pei-Fung  Liew  and  Charles  P.  Gerba,  Baylor  College  of  Medicine,  Houston  77030. 

Large  quantities  of  domestic  sewage  effluent  are  currently  discharged  into  coastal  waters 
of  the  world.  The  health  hazard  posed  by  human  enteric  viruses  present  in  the  sewage  effluent 
has  been  recognized,  but  their  fate  in  these  waters  is  little  understood.  Previous  studies  have 
shown  that  enteroviruses  survive  longer  in  marine  sediments  than  in  overlying  seawater.  In 
mixtures  of  seawater  and  sediment,  most  of  the  viruses  are  found  to  be  associated  with  the 
sediment.  Marine  sediment  may  therefore  serve  as  a  reservoir  for  enteroviruses  in  natural 
waters.  This  study  was  designed  to  examine  if  the  protective  effect  of  sediment  was  due  to  the 
thermostabilization  of  poliovirus  in  seawater.  Poliovirus  Type  1  (strain  LSc)  was  added  to  a 
mixture  of  artificial  seawater  and  estuarine  sediment.  Samples  of  the  mixture  were  taken  at 
different  intervals  during  incubation  at  1,  25  and  37  C  and  assayed  for  infectious  virus.  Poliovirus 
infectivity  was  prolonged  at  all  temperatures  in  the  presence  of  sediment.  Further  studies 
were  performed  at  50  C  to  maximize  the  temperature  effect,  and  similar  protection  was  observed. 
At  least  0.5  g  of  sediment  in  100  ml  of  seawater  was  needed  for  protection.  About  10  g  of 
sediment  in  100  ml  of  seawater  gave  maximal  protection  against  thermoinactivation. 

IDENTIFICATION  OF  NEISSERIA  GONORRHOEAE  BY  SLIDE  COAGGLU¬ 
TINATION.  Daniel  V.  Lim,  Department  of  Biology,  University  of  South  Florida, 
Tampa  33620. 

The  Phadebact^  Gonococcus  Test,  a  coagglutination  technique,  was  evaluated  to  deter¬ 
mine  its  accuracy  in  the  diagnosis  of  gonorrhea.  N.  gonorrhoeae  were  removed  from  colonies 
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on  plates  of  GC  Agar  Base  with  IsoVitaleX  and  VCNT  and  placed  on  a  clean  glass  slide.  The 
bacteria  then  were  mixed  with  a  drop  of  reagent  containing  specific  gonococcal  antibodies 
attached  to  the  cell  surface  of  dead  carrier  staphylococci.  The  appearance  of  a  heavy  white 
precipitate  (co agglutination)  on  the  slide  after  one  min  of  rocking  indicated  the  presence  of 
N.  gonorrhoeae.  Reagent  containing  nonspecific  antibodies  was  run  in  parallel  with  each 
sample  as  a  control.  The  slide  co  agglutination  test  was  performed  on  a  total  of  308  suspected 
clinical  isolates  of  N.  gonorrhoeae  obtained  from  the  Tampa  Regional  Laboratory,  State  of 
Florida.  Conventional  identification  methods  (Gram  stain,  oxidase  test,  sugar  utilization) 
were  used  in  parallel  for  each  isolate.  Of  the  308  clinical  isolates  examined,  300  were  identi¬ 
fied  correctly  by  the  coagglutination  technique  (269  true  positives,  31  true  negatives)  as 
compared  to  the  slower  conventional  methods,  for  a  97.4%  correlation.  There  were  few 
cross-reactions  and  no  difficulties  in  the  interpretation  of  results  by  coagglutination.  The 
Phadebact^  Gonococcus  Test  provides  a  rapid,  reliable,  and  simple  method  for  the  identi¬ 
fication  of  N.  gonorrhoeae. 

GROUPING  OF  BETA-HEMOLYTIC  STREPTOCOCCI  BY  SLIDE  COAGGLU¬ 
TINATION.  Daniel  V.  him.  Department  of  Biology ,  University  of  South  Florida,  Tampa 
33620 

Clinical  isolates  of  beta-hemolytic  streptococci,  obtained  from  Tampa  General  Hospital 
and  the  Student  Health  Center  at  the  University  of  South  Florida,  were  differentiated  into 
serological  groups  (A,  B,  C,  and  G)  by  the  Phadebact^  Streptococcus  Test,  a  coagglutination 
technique.  Of  101  clinical  strains,  94  were  correctly  identified  after  24  hr  of  growth  in  Todd- 
Hewitt  broth  by  the  Phadebact^  procedure,  using  the  Lancefield  method  as  the  standard  for 
comparison.  Five  of  the  remaining  7  strains  were  identified  by  the  coagglutination  procedure, 
after  centrifugation  of  the  cultures  and  grouping  of  the  supernatant  fluid.  Of  69  isolates 
that  grew  after  only  4  hr  of  incubation,  63  were  correctly  identified  directly  from  the  culture 
suspensions,  with  the  other  6  strains  identified  from  the  supernatant  fluid  after  centrifugation 
of  the  cultures.  After  an  additional  20  hr  of  growth,  30  of  the  remaining  32  strains  were 
correctly  grouped.  The  data  indicate  that  the  majority  of  streptococcal  isolates  can  be  cor¬ 
rectly  grouped  by  the  Phadebact^  technique  after  only  4  hr  of  growth,  with  98%  of  all 
isolates  grouped  after  an  additional  20  hr  of  growth. 

EARLY  FUNCTION  OF  A  VIRULENT  STAPHYLOCOCCAL  PHAGE.  J.  M.  Latham 

and  E.  F.  Harris,  North  Texas  State  University  Health  Sciences  Center,  Texas  College  of 

Osteopathic  Medicine,  Fort  Worth  76107. 

Bouyant  density  of  DNA  in  cesium  chloride-ethidium  bromide  gradients  was  examined 
in  order  to  determine  the  function  of  a  temperature-sensitive  mutant  of  staphylophage  44A 
HJD,  a  serological  Group  G  phage  which  is  virulent  and  has  a  genome  consisting  of  approxi¬ 
mately  15  to  20  genes.  The  phage  mutant  function  was  examined  during  the  25  min  period 
following  infection.  Host  cell  and  phage  DNA  were  labeled  with  and  ^H  respectively. 
DNA  was  separated  into  linear  and  covalently  closed  circular  (CCQ  forms  by  cesium  chloride- 
ethidium  bromide  density  gradient  centrifugation.  No  CCC  DNA  was  demonstrated  in  the 
host  staphylococcus  and,  therefore,  apparently  this  strain  does  not  carry  a  plasmid.  Following 
infection  with  the  wild-type  phage,  CCC  DNA  was  found  in  both  ^H  and  ^^C  peaks  in  the 
10  and  15  min  samples.  Infection  with  the  mutant  at  the  permissive  temperature  also  dem¬ 
onstrated  CCC  peaks  with  both  labels.  However,  infection  with  the  mutant  at  the  nonper- 
missive  temperature  resulted  in  no  demonstrable  CCC  DNA.  The  impaired  function  in  this 
mutant  is  speculated  to  be  a  linker  protein. 
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EFFECT  OF  VIRAZOLE  ON  TRANSFORMATION  OF  CHICK  EMBRYO  AND 
RAT  KIDNEY  CELLS  INFECTED  WITH  ROUS  SARCOMA  VIRUSES. 
Frank  J.  Jenkins  and  Y.  C.  Chen,  Department  of  Biological  Sciences  and  Genetics  Center, 
North  Texas  State  University,  Denton  76203. 

The  effect  of  Virazole,  a  synthetic  nucleoside,  on  the  transformation  of  chick  embryo 
and  rat  kidney  cells  infected  with  temperature-sensitive  (ts)  and  wild-type  Rous  Sarcoma 
viruses  was  investigated.  The  effect  on  cell  transformation  was  determined  by  visual  changes 
in  cell  morphology,  while  the  effect  on  replication  was  detected  by  focus  assay  methods. 
Virazole,  at  100  mcg/ml,  inhibited  RSV  rephcation  and  cell  transformation  in  chick  embryo 
fibroblasts.  The  addition  of  Virazole  to  NRK  cells  (infected  with  ts-RSV  mutants)  grown  at 
the  nonpermissive  temperature  (39  C)  prevented  retransformation  when  the  cells  were  shifted 
to  the  permissive  temperature  (33  C).  At  the  permissive  temperature,  transformed  NRK  cells 
reverted  to  normal  phenotype  after  the  addition  of  Virazole.  Also,  Virazole’s  effect  on 
transformation  was  found  to  be  reversible.  In  addition,  Virazole  appears  to  have  a  static 
effect  on  cell  growth. 

This  work  was  supported  by  NTSU  Faculty  Research  Grant  nos.  34808  and  34679. 

EFFECT  OF  3-DEAZAGUANINE  ON  TEMPERATURE-SENSITIVE  MUTANTS 
AND  WILD-TYPE  ROUS  SARCOMA  VIRUSES.  Samuel  Fadare  Jr.,  and  Young 
C.  Chen,  Department  of  Biological  Sciences  and  Genetics  Center,  North  Texas  State 
University,  Denton  76203. 

Normal  rat  kidney  cells  infected  with  temperature  sensitive  mutants  of  Rous  Sarcoma 
viruses  (RSV)  at  the  permissive  temperature  (33  C),  exhibit  the  morphological  characteristics 
of  the  transformed  state,  whereas  at  nonpermissive  temperature  (39  C),  they  exhibit  the  normal 
characteristics.  The  addition  of  3-deazaguanine  to  infected  cells  grown  at  39  C  suppresses 
the  retransformation  when  the  cells  are  shifted  down  to  33  C.  Removal  of  the  inhibitor 
causes  the  cells  to  revert  to  the  transformed  state.  Merely  treating  cells  at  33  C  with  3- 
deazaguanine  does  not  cause  them  to  change  from  the  transformed  phenotype  to  the  normal 
phenotype.  3-deazaguanine  also  inhibits  transformation  of  chick  embryo  fibroblasts  infected 
with  wild-type  RSV.  In  addition,  3-deazaguanine  has  no  effect  on  replication  of  RSV  in  the 
chick  cells. 

This  work  was  supported  by  NTSU  Faculty  Research  Grant  Nos.  34808  and  34679. 
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BOUNDED  SLOPE  VARIATION  AND  A  GENERALIZED  DERIVATIVE 

by  SHOU-LIN  LEE  JENSEN  and  JOHN  T.  WHITE 

Department  of  Mathematics 
Texas  Tech  University 
Lubbock  79409 

ABSTRACT 


This  paper  concerns  the  concept  of  a  function  having  bounded  slope  variation  with  respect 
to  an  increasing  function  and  the  integrability  of  its  derivative. 


INTRODUCTION 


In  191 1,  F.  Reisz  (Reisz,  1911)  showed  that  a  necessary  and  sufficient  condi¬ 
tion  that  F  be  the  indefinite  integral  of  a  function  of  bounded  variation  on  an 
interval  [a,b]  is  that  F  have  bounded  slope  variation  with  respect  to  the  identity 
function,  that  is  that 


i: 

p 


F(Xh,)-F(X;) 

Xr.  -Xi 


F(Xj)-F(Xi.,) 


is  bounded  over  all  partitions  P  of  [a,b] . 

This  concept  (which  was  not  given  a  name)  apparently  was  not  further  in¬ 
vestigated  until  J.  R.  Webb  (Webb,  1967),  generalized  it  to  find  a  necessary  and 
sufficient  condition  that  F  be  a  bounded  linear  functional  on  the  Banach  space 
of  quasicontinuous  functions.  Webb  gave  this  concept  the  name  of  bounded 
slope  variation  and  was  evidently  unaware  of  Reisz’s  work.  The  idea  was  syste¬ 
matically  investigated  by  Huggins  (1971)  starting  in  1971  who  used  it  as  a  funda¬ 
mental  hypothesis  for  the  existence  of  the  Hellinger  integral.  Huggins  also 
investigated  the  relationship  between  uniform  Lipschitz  conditions  and  bounded 
slope  variation  (Huggins  1971,  1973,  1976,  1976). 

The  purpose  of  this  paper  is  to  show  that  if  one  uses  a  slightly  more  general 
definition  of  the  derivative  of  a  function  with  respect  to  a  function,  say  dj^f, 
then  f  having  bounded  slope  variation  with  respect  to  m  (m  strictly  increasing 
and  continuous  from  the  right)  implies  that  d^f  exists  almost  everywhere  relative 
to  the  Borel  measure  Also,  it  is  seen  that  the  Lebesgue  integral 

is  the  same  as  the  Hellinger  integral 
initions  are  needed. 


.  Some  preliminary  results  and  def- 

^  dm 
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PRELIMINARY  DEFINITIONS  AND  BACKGROUND 

Definition  1:  The  function  f  has  bounded  slope  variation  (BSV)  with  respect  to 
m  on  [a,b]  means  that  m  is  strictly  increasing  and  that  there  is  a  B  such  that  if 
P=  {t^,...,  tj^]  is  a  partition  of  [a,  b] ,  then 


2 

P 


f.  -  f. 

i+i  1 


mi^i-mi 


<  B, 


mj-m;. 


where  fj  =  f(tj)  and  mj  =  m(t|).  The  above  sum  is  non-decreasing  with  respect 
to  partition  refinement  and  the  smallest  bound  that  will  suffice  is  denoted  by 

yb  ^(cf.  Webb  (1967)). 

It  follows  that  if  f  has  BSV  with  respect  to  m,  then  f  is  of  bounded  variation; 
indeed  f  is  absolutely  continuous  with  respect  to  m  (Huggins,  1973).  Also,  f  is 
continuous  from  the  right  whenever  m  is  continuous  from  the  right  (HugginS|1971). 


f(t)-f(c)  , 

^“"+m(t)'-m(c)>'^here 

c  e  [a,b).  Similarly,  f(c)  and  f(c)  are  defined.  It  can  then  be  shown  that 


Definition  2:  If  m  is  strictly  increasing,  then  f(c)  =  Lim 


if  f  has  BSV  with  respect  to  m  on  [a,b] ,  f  exists  on  [a,b),  f  exists  on 


m 


(a,b],  and  Dj.^f  exists  except  on  a  countable  subset  of  [a,b]  (Webb,  1967, 
Huggins,  1971). 

If  m  is  strictly  increasing,  then  the  Hellinger  integral,  ,  is  defined  as 

the  limit  with  respect  to  refinement  of 


2 

P 


(gj-gj.,)  (fj-fj-i)  


If  f  has  BSV  with  respect  to  m  on  [a,b] ,  then  the  Hellinger  integral,  j 
exists  (Webb,  1967).  The  existence  of 


dm 


dm 


(m  strictly  increasing)  does  not 


imply  that  f  has  BSV  with  respect  to  m,  but  it  does  imply  that  f  is  continuous 
from  the  right  whenever  m  is  (Huggins,  1973). 

Also,  if  f  has  BSV  with  respect  to  m  on  [a,b] ,  then  V^ 

(here  f(b)  is  taken  to  be  f(b))  (Huggins,  1973). 


^  m 


f)  <vb 


dm 


m 


A  MORE  GENERAL  DERIVATIVE  AND  ITS  INTEGRABILITY 

A  definition  somewhat  more  general  than  Def.  2  (Cohen,  1976),  is  now  given. 
Under  the  hypothesis  of  BSV,  this  derivative  is  shown  to  be  Lebesgue  integrable 
and  that  it  is  the  same  as  the  respective  Hellinger  integral. 
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Definition  3:  If  m  is  strictly  increasing,  then  dj^f(c)  exists  means  that  if  e  >  0 
there  exists  a  6  >  0  such  that 


m(y)  -  m(x) 


<  e 


whenever  c-S  <x<c  <y  <c  +  S. 

One  easily  shows  that  the  existence  of  Dj^f(c)  implies  the  existence  of  dj^f(c). 
Now  if  f  has  BSV  with  respect  to  m  on  [a,b] ,  then  Huggins  has  observed  that 
Dj^f  exists  except  on  a  countable  subset,  E,  of  [a,b]  and  hence,  we  see  that  d^^f 
exists  except  on  which  is  a  subset  of  E. 

Let  11^  be  the  Borel  measure  generated  by  m,  where  we  assume  m  is  increasing 
and  continuous  from  the  right.  Now  if  m  is  continuous  at  c,  then  ([cp  =  0; 
and  if  m  is  discontinuous  at  c  and  fhas  BSV  with  respect  to  m  then  dj^f(c)  exists. 
In  particular,  if  c  is  a  point  of  discontinuity  of  m,  then 


f(c+)-f(c-) 

mCc'^)  .  m(c-)  ’ 

since  f  is  of  bounded  variation.  Thus,  we  have 


Theorem  1:  If  f  has  BSV  with  respect  to  m  on  [a,b]  and  m  is  continuous  from 
the  right,  then  dj^f  exists  except  on  a  countable  subset  E^  of  [a,b],  where 

Furthermore,  under  the  hypotheses  of  Theorem  1 ,  if  P  is  a  partition  of  [a,b] 
such  that  P  and  E'  are  disjoint,  then  one  can  show  that 

f  I  I 

in  particular,  d^^f  is  bounded  almost  everywhere  It  is  now  seen  that  d^^f  and 
(dmO^  are  Lebesgue  integrable  relative  to  on  [a,b] .  Hence, 

Theorem  2:  If  f  has  BSV  with  respect  to  m  on  [a,b]  and  m  is  increasing  and 
continuous  from  the  right  then  (d^f)^  exists  and  is  equal  to  the  Hellinger 

,  ,b  (df)"  ' 

Proof:  The  existence  of  both  integrals  has  been  established.  Let  E  be  the  subset 
of  [a,b]  where  Dj^f  fails  to  exist  and  let  E'  be  the  subset  of  [a,b]  where  d^^f 
fails  to  exist.  We  have  that  E  is  countable,  E^  C  E  and  /i^  (E^)  =  0. 

Let  Pi ,  P2 ,  . . .  be  a  sequence  of  partitions  of  [a,b]  with  P^^  a  refinement  of 
^n-i  mesh  of  P^^  goes  to  zero  and  such  that  the  appropriate  sums 

over  .each  P^^  converge  upward  to  the  Hellinger  integral.  Thus, 
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[VCillt  ( 


b  (df)= 


m.  -  m.  , 
n  1  1-1 


dm 


Let 


then 


gnW=  ^  ( - -)  X  (x.  X. 

^  P  m.  -  m.  ,  ^  1-1  ’  1^ 

n  1  1-1 


-f. -f. 


la  - 

ya^’n'm  p  m-m. 


m  m  -m.  , 

n  i  1-1 


[f  -f-  J 
2  ^  1  1-1^ 

P  m.  -  m.  , 
n  1  1-1 


Thus 


/ 


b  (df)^ 

^  dm  ■ 


We  now  need  to  show  that  converges  to  (dj^f)^  pointwise  almost  every¬ 
where  relative  to  }i^;  then  the  Lebesgue  dominated  convergence  theorem  can 
be  applied  to  obtain  that  §n^^m  converges  to  (dmO^  djU^^  and  the 
conclusion  then  follows. 

For  the  pointwise  convergence  of  g^^  we  consider  the  following  cases: 

(i)  If  X  e  U  Pj^  and  X  ^  E,  then  gj^(x)  ->  (D^  f(x))^  =  (d^^fCx))^ . 

(ii)  If  X  ^  U  Pj^  and  X  ^  E',  then  gj^(x)  ^  (dj^f(x))^ . 

(iii)  If  X  e  U  P^  and  x  e  (E  -  E'),  then  gj^(x)  ->  (D^  f(x))^  on  (a,b]  (the 

value  at  a  is  immaterial  since  [jl^  ([  3.]  )  =  0).  Now  if  x  is  in  this  set  and 
is  a  point  of  continuity  of  m  then  ijl^  ^nd  hence  the  [jl^ 

measure  of  this  countable  set  is  zero.  If  x  is  a  point  of  discontinuity  of 
m,  then  since  f  must  also  be  continuous  from  the  right,  we  have  that 

g  (x)  =  ~  y  for  t  <  X  and  sufficiently  close  to  x.  Thus, 

m(x)  -  m(t) 


gn(x) 


m(x)  -  m(x")  m(x^)  -  m(x  ) 
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PLAY  AS  AND  DRAWS  ON  THE  LLANO  EST  AC  ADO -TENTATIVE 
FINDINGS  BASED  ON  GEOMORPHIC  MAPPING  OF  A  TEST  AREA 
IN  TEXAS' 
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Bureau  of  Economic  Geology 
The  University  of  Texas  at  Austin 
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Austin  78712 

ABSTRACT 

A  test  area  encompassing  7350  km^  was  mapped  on  the  eastern  part  of  the  Llano  Estacado 
in  order  to  depict  surface  materials,  landforms,  and  loci  of  geologic  processes.  A  geomorphic 
map  provides  a  current  datum  for  assessing  landscape  evolution;  it  is  a  tool  for  inferring 
historical  development  of  landforms  as  well  as  for  projecting  future  changes.  Within  the  test 
area,  there  are  3  kinds  of  landforms  that  indicate  the  presence  of  locally  active  processes: 
playas,  dunes,  and  incised  ephemeral  streams  called  “draws.”  The  playas  are  the  loci  of  pond¬ 
ing  of  waters;  dunes  show  where  eolian  activity  has  occurred  (or  is  still  occurring);  and  draws 
are  the  loci  of  periodic  fluvial  erosion  and  sediment  transport.  Much  of  the  test  area,  however, 
lies  outside  the  surface  drainage  catchment  areas.  This  is  due  to  playas  functioning  as  local 
base  levels  that  prevent  the  integration  of  drainage.  Yet,  in  certain  circumstances  playas 
promote  the  headward  extension  of  draws  by  means  of  playa-by-playa  interconnection 
along  swales. 


INTRODUCTION 

The  Llano  Estacado,  or  Staked  Plains,  makes  up  an  elevated,  nearly  featureless 
topographic  surface  that  encompasses  much  of  the  Texas  Panhandle  as  well  as 
adjacent  parts  of  eastern  New  Mexico  (Fig.  1).  This  area  makes  up  the  southern 
part  of  the  High  Plains  province  (Fenneman,  1931),  a  semiarid  region  that  slopes 
eastward  from  the  Rocky  Mountains  and  extends  from  Texas  and  New  Mexico 
north  into  Canada.  The  part  of  the  larger  plains  province  considered  in  this  paper 
is  bounded  by  the  Canadian  River  “breaks”  on  the  north,  the  Caprock  Escarpment 
on  the  east  and  west,  and  the  Pecos  River  plain  and  the  Edwards  Plateau  on  the 
south. 
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Figure  1.  The  Llano  Estacado,  West  Texas  and  Eastern  New  Mexico,  showing  location 
of  test  area  for  geomorphic  mapping. 

Substrate  composing  the  Llano  Estacado  includes  fluvial  sand  and  gravel 
deposits,  widespread  caliche,  eolian  cover  sands,  and  loess  deposits  (Barnes, 
1968,  1978).  Fluvial  deposition  has  clearly  been  a  major  formative  process  during 
Late  Tertiary  and  Early  Quaternary  times;  however,  eolian  processes  provide  the 
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only  material  that  is  now  aggrading  the  Llano  Estacado.  In  terms  of  fluvial  pro¬ 
cesses,  the  Llano  Estacado  is  now  largely  a  relict  feature  with  ephemeral  streams 
(draws)  providing  the  only  surface  drainage  across  the  plains.  There  are  presently 
no  integrated  stream  systems  that  originate  in  the  mountains  to  the  west  and  flow 
across  the  southern  part  of  the  High  Plains. 

The  Llano  Estacado  is  being  studied  in  order  to:  (1)  inventory  geomorphic 
conditions  as  they  presently  exist;  (2)  infer  how  existing  landforms  were  formed; 
and  (3)  project  future  changes  in  landforms,  processes,  and  materials.  Mapping 
of  near-surface  features  provides  most  of  the  information  needed  for  the  inven¬ 
tory,  whereas  monitoring  of  currently  active  processes  is  necessary  for  projecting 
future  landscape  changes.  The  inference  of  past  geomorphic  development  is  based 
on  both  a  cognizance  of  present  processes,  and  the  correct  recognition  of  past 
processes  as  indicated  by  mapped  physiographic  features  and  other  evidence. 

Mapping  and  monitoring  procedures  aid  in  establishing  a  mass  balance  that 
accounts  for  materials  imported  into  the  system,  materials  exported  from  the 
system,  and  changes  in  material  stored  within  the  system.  The  parameters  within 
such  an  equation  change  through  time,  but  with  an  understanding  of  present 
conditions  and  an  awareness  of  how  the  present  conditions  came  to  be,  it  is 
possible  to  assign  correct  variables  for  future  conditions.  In  this  way,  the  present 
is  not  only  the  key  to  the  past,  but  the  present  and  the  past  combine  to  provide 
a  key  to  understanding  the  future. 

PROCEDURE 
Geomorphic  Map 

A  map— properly  conceived  and  constructed— lays  the  groundwork  for  all  3 
tasks;  it  documents  the  current  status  of  landforms  and  materials,  and  it  delineates 
the  loci  of  active  geologic  processes.  This  information,  then,  provides  a  datum 
for  projecting  future  changes  in  the  land  on  the  basis  of  present  conditions  together 
with  inferences  of  how  the  current  physical  setting  developed  in  the  past. 

A  useful  type  of  map  is  one  that  delineates  features  and  phenomena  at  the 
land  surface;  we  call  it  a  geomorphic  map.  It  delineates:  (1)  surflcial  earth  ma¬ 
terials  (both  soil  and  substrate);  (2)  processes  that  act  on  these  materials;  and 
(3)  landforms  resulting  from  interactions  among  processes  and  materials. 

A  geomorphic  map,  however,  treats  only  of  the  static  (locational)  aspects  of 
the  land;  it  contains  no  information  regarding  rates  of  processes.  The  dynamic 
aspect  of  the  land  must  be  ascertained  by  historical  records  (such  as  stream  gage 
data)  and  by  ongoing  monitoring  programs  at  selected  locations  (Gustavson,  et  al., 
1978).  Moreover,  the  historical -geolo^c  content  of  the  map  is  limited  by  the 
kinds  of  observations  initially  made  in  the  mapping  process.  Photogeologic  inter¬ 
pretations  yield  different  information  from  detailed  studies  of  soil  stratigraphy, 
bedrock  stratigraphy,  paleontology,  or  pollen  analysis.  Because  this  test  study  is 
only  one  part  of  a  regional  assessment,  our  data-gathering  was  limited  mainly  to 
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photointerpretations,  with  subsequent  field  checking.  Hence,  the  morphologic 
content  of  the  map  outweighs  its  stratigraphic  value.  In  short,  our  geomorphic 
map  has  different  content  and  entails  different  methods  from  a  “traditional” 
(stratigraphic)  geologic  map  (Hawley,  1972). 

In  terms  of  the  mass  balance,  the  geomorphic  map  directly  portrays  only  the 
materials  stored.  However,  as  already  mentioned,  it  also  provides  locational 
information  as  to  where  the  processes  act  to  import  and  export  material.  The 
geomorphic  map,  then,  is  a  basic  qualitative  step  in  quantitatively  addressing  this 
mass  balance . 

Test  Area 

A  test  area  was  selected  that  encompasses  part  or  all  of  forty-eight  7 .5  -minute 
quadrangle  maps  on  the  eastern  part  of  the  Llano  Estacado  (Fig.  2).  This  area 
covers  approximately  7350  km^  and  is  bound  on  the  northeast  by  102°  15^  W 
longitude  by  34°  15^  N  latitude  and  on  the  southeast  by  101°  W  longitude  by 
33°  30'  N  latitude.  Climate  of  the  area  is  semiarid  as  noted  by  the  U.S.  Department 
of  Commerce  Climatological  Summary  for  the  Lubbock  vicinity.  Mean  annual 


Figure  2.  Test  area  showing  7.5-min  quadrangle  boundaries,  canyons,  draws,  and  the 
location  of  2  sites  depicted  in  Figs.  3  and  4. 

precipitation  was  46  cm  during  the  period  from  1947  to  1970;  however,  during 
that  same  time  annual  precipitation  ranged  from  22  cm  to  103  cm.  We  chose  the 
test  area  as  an  example  of  mapping  techniques  because  it  includes  the  lower 
reaches  of  2  major  drainage  systems  that  originate  on  the  Llano  Estacado:  Blanco 
Canyon  and  Yellow  House  Canyon.  Included  within  this  area  are  parts  of  several 
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tributary  drainages:  Running  Water  Draw,  Callahan  Draw,  and  Crawfish  Draw 
that  drain  into  Blanco  Canyon,  and  Blackwater  Draw  that  feeds  Yellow  House 
Canyon.  The  eastern  boundary  of  the  test  area  is  the  Caprock  Escarpment.  The 
western  boundary  includes  the  headward  reaches  of  Crawfish  Draw,  so  that  this 
area  affords  an  opportunity  to  examine  the  characteristics  of  a  small  drainage 
system  in  its  entirety. 

Mapping  was  performed  using  1 :24, 000-scale  controlled  aerial  photomosaics, 
each  of  which  corresponds  to  a  U.S.  Geolo^cal  Survey  Topographic  Quadrangle 
map.  The  topographic  maps  provided  the  base  and  afforded  a  means  for  interpre¬ 
tations  of  subtle  landscape  changes.  Because  nonstereoscopic  photographs  were 
used,  this  test  area  includes  only  the  upland  (plains)  surface;  no  attempt  was  yet 
made  to  extend  the  mapping  across  the  Caprock  Escarpment  into  the  deeply 
dissected  terrain  below . 

Findings 

In  the  test  area,  the  surface  of  the  Llano  Estacado  slopes  to  the  southeast  at 
about  1 .7  m/km  (or  approximately  9  ft/mi).  There  are  3  types  of  topographic 
irregularities  on  this  broad,  otherwise  nearly  flat,  plain.  They  are  dunes,  play  as, 
and  draws.  These  landforms  indicate  the  present  or  past  locations  of  major  pro¬ 
cesses  acting  on  the  land.  The  processes  include  eolian  activity  where  there  are 
elongate  dune  fields,  periodic  ponding  of  water  and  local  eolian  activity  (forming 
lee  dunes)  where  there  are  play  as,  and  intermittent  fluvial  activity  where  there 
are  draws.  For  the  remainder  of  the  uplands,  incident  rain  apparently  does  not 
contribute  to  surface  water  runoff.  It  either  evaporates  or  infiltrates  to  shallow 
depths  and  thus  contributes  to  biophysical  soil  processes.  Across  the  edge  of  the 
Caprock  Escarpment,  slope  processes  become  especially  important  along  with 
fluvial  activity  in  degrading  the  land. 

Within  the  test  area,  the  Caprock  Escarpment  is  expressed  as  an  abrupt  topo¬ 
graphic  break  with  relief  of  more  than  150  m.  This  precipitous  drop  controls  the 
form  of  drainage  courses,  and  canyons  are  incised  into  the  plain  where  the  draws 
debouch  from  the  uplands.  The  northwestern  corner  of  the  test  area  contains  the 
terminal  edge  of  the  elongate  dune  system  that  originates  in  the  Pecos  River  valley 
west  of  Clovis,  New  Mexico  (Fig.  1).  This  dune  field  provides  major  localized 
aggradational  material  to  the  Llano  Estacado,  but  the  prominent  canyons  indicate 
that  downwasting  has  been  the  predominant  recent  surficial  process  acting  on 
the  land  in  the  test  area. 

Playas 

Playas  within  the  test  area  are  generally  circular  features  that  range  from  ap¬ 
proximately  150  m  to  more  than  2  km  in  diameter.  The  playa  bottom  map  unit 
(Figs.  3, 4)  is  diagnostic  for  all  playas.  The  smaller  playas  (less  than  approximately 
0.5  km  in  diameter)  consist  only  of  this  unit,  whereas  the  larger  playas  have  a 
complex  assemblage  of  map  units  including  not  only  playa  bottoms,  but  also 
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Figure  3.  Geomorphic  map  of  tributary  to  Crawfish  Draw;  note  narrow  drainage  catch¬ 
ment  area  (reference  site  “A,”  Fig.  2). 


Figure  4.  Geomorphic  map  of  incipient  interconnection  between  play  as  by  means  of 
swales  (reference  site  “B,”  Fig.  2). 
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play  a  flats,  play  a  sides,  and  lee  dunes.  For  both  the  small  play  as  and  the  larger 
playa  complexes,  the  play  a  bottom  unit  is  of  similar  size ;  it  is  denoted  by  ephemeral 
ponds  covering  from  0.8  to  more  than  16  ha  (2  to  40  a).  This  unit  is  characterized 
by  concave -upward  slopes  of  less  than  1%  gradient,  with  soils  of  low  permeability 
and  high  shrink -swell  potential.  Diagnostic  processes  include  ponding  of  water 
and  heaving  of  soils  depending  on  ambient  moisture  conditions.  The  larger  playas 
within  the  test  area  are  as  much  as  1 5  m  deep  and  have  playa  sides  with  slopes 
as  great  as  15%.  Many  of  these  deeper  playas  have  associated  lee  dunes,  and  this, 
along  with  the  slope  geometry  of  the  playa  sides  (commonly  steeper  on  the 
western,  or  upwind,  margins),  indicates  that  eolian  activity  continues  to  be  a 
locally  important  formative  process. 

Playas  appear  to  be  uniformly  distributed;  within  a  typical  100  km^  area, 
there  are  generally  25  to  35  playa  bottoms  mapped.  Previous  workers  (Finch  and 
Wright,  1970)  have  discussed  linear  trends  among  playas;  however,  within  the 
test  area,  linear  alignment  is  not  apparent.  Local  trends  and  clusters  are  discerned, 
but  in  mapping  all  playas,  the  pattern  produced  is  mostly  a  random  scattering  of 
points.  The  possible  occurrence  of  actual  linear  trends,  however,  will  be  tested 
using  a  computer  to  avoid  human  bias. 

The  origin  of  playas  has  been  attributed  to  various  causes  such  as  solution 
subsidence,  wind  deflation,  piping,  animal  wallows,  and  previous  fluvial  activity. 
Reeves  (1966)  compiled  a  list  of  many  previous  studies  on  the  problem  of  playa 
origin,  and  he  concluded  that  eolian  processes  have  been  mainly  responsible. 
Outside  the  test  area,  there  are  “pluvial  lakes”  of  up  to  5  km  in  diameter  (Reeves, 
op.  cit.),  whereas  within  the  test  area,  only  the  smaller  circular  playas  occur. 
These  2  types  of  playas  undoubtedly  represent  different  modes  of  origin,  but  no 
effort  will  be  made  here  to  consider  the  problem  of  origin,  other  than  to  state 
that  probably  a  combination  of  processes  have  acted  and  continue  to  act  resulting 
in  the  present  features. 

Draws 

Draws  are  very  long,  narrow,  ephemeral  stream  courses  that  extend  for  as 
much  as  several  hundred  kilometers  across  the  Llano  Estacado.  In  their  headward 
reaches  they  consist  mainly  of  subtle  swales,  whereas  in  their  lower  reaches  they  are 
deeply  incised  canyons.  Many  of  the  draws  display  a  rectilinear  pattern  in  plan 
view,  which  has  been  attributed  by  Reeves  (1970)  to  the  regional  regmatic 
fracture  pattern.  However,  the  major  trend  (northwest  to  southeast)  also  coincides 
with  the  topographic  gradient  within  the  test  area.  Furthermore,  examination 
of  regional  topographic  conditions  shows  that  the  draws  have  adjusted  their 
directions  of  flow  to  reflect  local  changes  in  ground  slope. 

Within  the  test  area  the  draws  are  subdivided  into  2  map  units:  swales,  and 
swale  sides.  The  swales  are  elongate  (straight  or  locally  sinuous)  areas  with  gently 
concave -upward  slopes.  These  are  process-dominated  units  whose  function  is 
the  occasional  transfer  of  water  and  sediment.  A  strong  similarity  exists  in  soil 
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series,  landform  conditions,  and  processes  between  units  composing  swales  and 
playas.  Swale  sides  are  water-gathering  slopes;  thus,  the  unit  is  analogous  in 
function  to  the  playa  side  unit.  Slopes  range  from  4  to  1 5%,  and  relief  ranges  from 
3  m  to  more  than  5  m.  Where  the  draws  become  more  deeply  incised,  the  swale 
sides  become  part  of  a  larger  canyon  geomorphic  complex  that  has  not  yet  been 
mapped  in  detail  within  the  test  area. 

Adjacent  draws  do  not  share  common  divides.  Instead,  there  are  large  inter¬ 
fluvial  areas,  mapped  as  “High  Plains  surface.”  These  areas  are  not  connected  to 
any  surface  drainage  system;  runoff  enters  the  myriad  playas  and  subsequently 
evaporates  or  infiltrates  into  the  soil.  The  drainage  catchment  areas  for  the  draws 
are  characteristically  very  narrow,  and  the  tributary  network  is  poorly  developed. 
In  effect,  the  draws  are  extremely  long,  low-order  trunk  streams  that  lie  within 
an  anomalously  elongated  drainage  basin.  This  form  of  drainage  may  result  from 
an  adjustment  to  the  low  topographic  gradient  of  the  plain  and  to  the  semiarid 
climate.  But,  there  is  also  reason  to  question  whether  much  modern  geomorphic 
work  is  presently  performed  by  water  in  the  draws.  Changes  in  climate,  however, 
can  cause  dramatic  responses  in  fluvial  systems,  as  indicated  by  certain  draws 
having  been  the  locus  of  repeated  past  aggradation  and  incision  (Johnson,  1974). 
Moreover,  draws  are  the  main  locus  of  present  incision  and,  thus,  they  represent 
the  most  probable  initial  locations  for  future  fluvial  downcutting.  According  to 
Reeves  (written  communication,  1978)  the  large  “pluvial  lake”  basins  are  another 
prime  area  for  future  fluvial  activity;  however,  none  of  these  lakes  occur  within 
the  test  area. 

Relation  Between  Playas  and  Draws 

The  geomorphic  map  indicates  a  possible  means  whereby  the  draws  are  presently 
propagated  across  the  surface  of  the  plain.  Draws  that  are  not  deeply  incised 
commonly  consist  of  interconnected  playas  and  swales.  In  Crawfish  Draw,  for 
example,  playas  and  swales  are  connected  like  a  string  of  beads  (Fig.  3).  A  few 
dissected  playas  also  occur  along  parts  of  Yellow  House  Canyon,  indicating  that 
an  interconnection  between  playas  and  draws  also  once  occurred  there. 

Interconnection  of  playas  and  draws  may  reflect  relict  (filled)  stream  courses. 
Too,  the  interconnection  may  be  fortuitous  in  that  random  inclusion  of  playas  in 
a  surface  drainage  network  should  result  simply  from  the  density  of  playas  on 
the  High  Plains  surface.  However,  there  are  examples  mapped  where  incipient 
drainage  propagation  is  presently  occurring,  and  there,  playas  determine  the 
location  of  the  connecting  swales  or  draws.  As  seen  in  Fig.  4,  several  shallow 
playa  bottoms  are  connected  from  playa  to  playa  down  topographic  slope  until 
the  surface  drainage  abruptly  ends  in  a  deep  playa  complex.  The  incipient  swales 
that  connect  these  playas  are  generally  poorly  formed  and  are  denoted  mainly 
by  dark  tonal  patterns  on  the  photomosaics,  although  some  display  topographic 
contours  indicating  subtle  concave -upward  slopes.  This  phenomenon  of  incre¬ 
mental  drainage  integration  from  one  playa  to  another  accounts  for  several 
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geomorphic  phenomena  noted  on  the  High  Plains:  the  extreme  narrowness  of 
the  drainage  catchment  areas,  the  lack  of  an  integrated  system  of  tributaries,  and 
the  striking  linearity  of  the  draws. 

The  functioning  of  playas  as  local  base  levels  explains  the  narrow  catchment 
areas  for  well -developed  draws.  Drainage  divides  commonly  range  from  a  few 
tens  of  meters  to  a  few  hundred  meters  from  the  break  in  slope  delimiting  the 
draws.  This  is  a  result  of  the  proximity  of  playas  that  are  not  part  of  the  surface 
drainage  network.  These  nearby  playas  prevent  surface  water  from  entering  adja¬ 
cent  draws.  In  other  words,  the  presence  of  large  playa  complexes  retards  rather 
than  abets  the  integration  of  surface  drainage.  This  accounts  for  both  the  narrow, 
elongate  drainage  basins  and  the  absence  of  a  well-developed  tributary  network. 

Linearity  of  draws  may  result  from  flow  down  the  topographic  gradient,  by 
preferential  flow  along  regional  fracture  patterns,  or  by  drainage  alignment  due 
to  wind  deflation  of  playas.  Of  these,  the  most  evident  control  in  direction  of 
swale  development  is  the  regional  topographic  gradient.  When  one  playa  discharges 
surface  water,  flow  occurs  downslope  to  the  next  playa  and  so  on  in  a  series  of 
steps  defined  by  the  local  base  levels  (the  playas).  Once  several  playas  are  inter¬ 
connected,  then  a  self-ramifying  runoff  and  erosion  couplet  is  set  into  motion. 
This  couplet  occurs  because— with  the  integration  of  additional  upstream  playas 
(newly  acquired  headwaters)— there  is  more  water  to  fill  downstream  playas. 
Thus,  for  a  given  rainfall  event,  the  downstream  playas  are  more  likely  to  overflow 
and  to  erode  a  channel  downslope  to  the  next  playa.  As  erosion  progresses  and 
swales  deepen  into  draws,  the  playas  and  their  associated  features  are  obliterated. 
The  downslope  flow  from  playa  to  playa  does  not,  however,  account  for  the 
rectilinear  offsets  observed  in  plan  view  of  many  draws.  This  offset  may  result 
from  (1)  intersection  of  adjacent  playas  along  slope;  (2)  obstruction  of  flow 
downslope  by  lee  dunes;  or  (3)  influences  of  local  fractures  in  bedrock. 

There  seems  to  be  a  critical  size  of  playas  necessary  for  initiation  of  surface 
drainage.  They  must  be  deep  enough  to  accumulate  runoff  from  their  respective 
catchment  areas  yet  shallow  enough  to  periodically  overflow— given  the  prevailing 
climatic  conditions.  In  this  manner,  overland  flow  is  contributed  to  the  next 
playa  downslope.  If  any  playa  exceeds  this  critical  depth,  then  the  playa  acts  as 
a  long-term  base  level,  and  the  draw  system  will  not  develop  any  farther  in  a 
downstream  direction  until  a  major  event,  such  as  stream  capture,  causes  an 
integration  of  the  local  incipient  draw  into  the  larger  drainage  network. 

CONCLUSIONS 

The  geomorphic  map  of  a  test  area  on  the  Llano  Estacado  delimits  materials, 
landforms,  and  processes  at  the  Earth’s  surface.  It  provides  a  current  areal  inven¬ 
tory  that  can  be  used  to  help  infer  past  processes  and  their  rates,  all  of  which 
have  resulted  in  landforms  as  they  exist  today.  This  kind  of  map  also  shows  the 
areal  locus  of  modern  processes,  which  provides  a  key  to  where  future  changes 
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in  landscape  might  occur.  Combined  with  the  results  of  a  program  that  monitors 
processes  and  their  rates,  this  kind  of  map  provides  a  means  for  projecting  future 
scenarios  of  geomorphic  evolution  within  the  region. 

Within  the  test  area  considered  here,  the  main  current  processes  involve  down- 
wasting  of  the  land,  as  evidenced  by  the  prominence  of  incised  fluvial  features 
(canyons  and  draws).  However,  there  are  also  large  areas  that  are  in  no  way 
integrated  into  a  through-flowing  fluvial  system,  as  documented  by  nearly  flat 
uplands  dotted  by  myriad  play  as.  Moreover,  the  presence  of  multiple  paleosoil 
horizons  indicates  long  periods  of  geomorphic  stability  interspersed  with  periods 
of  eolian  aggradation  (Hawley  et  aL,  1976).  Mapped  features  indicate  that  inter¬ 
connection  of  playas  by  small  swales  is  one  means  for  incipient  development  of 
draws.  The  incremental  integration  from  playa  to  playa  down  the  regional 
topographic  gradient  partly  accounts  for  the  rectilinear  plan  of  the  draw  system. 
It  also  explains  the  extreme  elongation  of  catchment  areas  and  the  linear  extension 
of  low -order  trunk  streams  without  the  usual  well-developed  tributary  network. 
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A  NEW  SYRINGOPfflLID  MITE  FROM  THE  WHITE-WINGED  DOVE 


by  STANLEY  D.  CASIO 

Department  of  Biology 

University  of  Mary  Hardin-Bay  lor 
Belton  76513 

ABSTRACT 


Peristerophila  longisoma  sp,  n.  (Acarina:  Syringophilidae)  is  described  from  a  White¬ 
winged  Dove,  Zenaida  asiatica  (Columbiformes:  Columbidae)  collected  at  Candelaria, 
Presidio  County,  Texas.  Peristerophila  longisoma  may  be  distinguished  from  all  other  de¬ 
scribed  species  of  the  genus  by  the  presence  of  setae  vF  on  legs  III  and  IV,  2-3  small  teeth 
on  the  chelicerae,  the  extension  of  the  stylophore  below  the  propodosomal  plate,  and  the 
extreme  length  of  the  female.  The  genus  Peristerophila  is  emended  to  include  the  above- 
mentioned  characters  and  data  presented  on  the  chaetotaxic  variation  of  males. 


INTRODUCTION 

The  Peristerophila  previously  consisted  of  only  2  described  species  —Peristero¬ 
phila  columba  (Hirst)  from  the  Domestic  Pigeon,  Columba  livia,  and  Red-tailed 
Hawk, Buteo  jamaicensis,  and  Peristerophila zenaidoura  (plaxk)  from  the  Mourning 
Dove,  Zenaida  macroura.  White-winged  Dove, Zenaida  asiatica,  and  the  Domestic 
Pigeon,  C.  livia  (Kethley,  1970;Casto,  1976).  In  addition  to  the  above-mentioned 
species  and  the  species  described  herein,  an  additional  undescribed  form  is  known 
to  occur  in  the  Ground  Dove,  Columbina  passerina  (Casto,  1976).  Thus,  all 
known  species  primarily  occur  on  columbid  birds. 

The  anatomical  terminology  and  setal  designations  used  in  the  descriptions 
follows  Kethley  (1970;  1973).  All  measurements  are  in  microns.  The  range  and 
mean  of  selected  metric  values  for  paratypes  follow  in  parentheses  those  of  the 
holotype  and  allotype.  The  descriptions  are  based  on  the  study  of  the  female 
holotype,  male  allotype,  10  female  paratypes  and  10  male  paratypes. 

PERISTEROPHILA  LONGISOMA  SP.  N. 

All  type  specimens  were  taken  from  the  primaries,  primary  coverts  and  second¬ 
ary  coverts  of  a  White-winged  Dove, Zenaida  asiatica  {Co\um!o'\ioimes:  Columbi¬ 
dae),  collected  June  27,  1974  at  Candelaria, Presidio  County,  Texas, by  D.  B.  Pence. 


Accepted  for  publication:  February  14,  1978. 
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Additional  specimens  examined  and  judged  to  be  conspecific  were  taken  from  a 
Mourning  Dove,  Zenaida  macroura,  collected  November  6,  1970  at  Millett,  La 
Salle  County,  Texas,  by  S.  D.  Casto. 

FEMALE  (holotype).  Length  1830  (1650  to  1850,  1738);  width  270  (230  to 
260,  248).  Gnathosoma:  Hypostomal  apices  ornamented;  two  pairs  of  median 
protuberances  present  (Fig.  lb).  Each  lateral  branch  of  peritremes  (Fig.  Ic)  with 
1-3  chambers;  each  longitudinal  branch  with  8-11  chambers.  Chelicerae  320 
(320  to  320,  320)  in  length  with  2-3  small  teeth.  Stylophore  382  (371  to  393, 
383)  rounded  posteriorly  and  extending  below  propodosomal  plate.  Dorsal 
Idiosoma  (Fig.  la):  Propodosomal  plate  indistinct,  weakly  sclerotized,  with 
margins  delimited  by  striae.  Bearing  setae  ve,  sci,  li ,  and  di ;  ratios  ve:sci:sce, 
4.8:1:5.8.  Hysterosomal  plate  absent;  <7s  and  I5  subequal;  r/4  andc?s  subequal. 
Ventral  Idiosoma  (Fig.  Id):  Setae  la  long,  extending  almost  to  3>a.  Ratios  pg\ : 
pg2:pg3,  1 : 1 .2 : 1 .2 .  Legs:  Legs  I  thicker  than  II;  length  legs  IV,  trochanter  to  tip 


Figure  1.  Peristemphila  longisoma  sp.  n.  Female.  a.Dorsum.  b.Dorsalviewof  hypostome. 
c.Peritreme.  d.Venter. 
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of  claws,  304  (289  to  315,  301).  af'  arid  legs  I  with  13-17  tines. and  of 
legs  II- IV  with  27-30  tines.  3c  longer  than  4c.  Setae  vf  present  on  legs  III  and  IV. 
Claws  legs  I,  18;  claws  legs  II,  13.  Chaetotaxy  of  legs:  coxae  2-1 -2-2,  trochanters 
l-l-l-l,  femora  2-1-1-1,  genua  3-2-1-1,  tibiae  5-4-3-3,  tarsi  11-7-6-6. 

MALE  (allotype).  Length  1010  (880  to  960,  939);  width  250  (200  to  220, 
211).  Gnathosoma:  Hypostomal  apices  with  a  pair  of  protuberances  (Fig.  2b). 
Each  lateral  branch  of  peritremes  with  1-4  chambers;  each  longitudinal  branch 
with  9-12  chambers.  Chelicerae  270  (266  to  286,  272)  in  length  with  2-3  small 
teeth.  Length  stylophore  306  (282  to  306,  295)  extending  below  propodosomal 
plate.  Dorsal  Idiosoma  (Fig.  2a):  Propodosomal  plate  weakly  sclerotized  with 
indistinct  margins.  Ratios  ve:sci\sce,  2.3: 1:2.3.  Ratios  2.7: 1.3:1. 

d^  1/4  length  of  I4.  Ventral  Idiosoma  (Fig.  2c):  Setation  as  shown.  Two  or  three 


Figure  2.  Peristerophila  longisoma  sp.  n.  Male.  a.Dorsum.  b. Dorsal  view  of  hypostome. 
c.Venter. 


228 


THE  TEXAS  JOURNAL  OF  SCIENCE 


pairs  of  paragenitals,  highly  variable  (Table  1).  Aedeagus  broad  and  flat,  weakly 
sclerotized,  difficult  to  observe  in  cleared  specimens.  Legs:  As  in  females, 
some  variation  present  (Table  2.). 

Types:  9  holotype,  6  allotype,  19  paratype  and  1 6  paratype  USNM  Acarology 
Coll.  No.  385 1 ,  remaining  specimens  in  collection  of  author. 

REMARKS 

The  foregoing  descriptions  mention  several  characters  not  included  in  the 
original  description  of  the  genus  Peristerophila  (Kethley,  1970).  In  order  to  ac¬ 
comodate  the  species  described  herein,  it  is  proposed  that  the  description  of 

TABLE  1 


Setal  Anomalies  in  the  Paragenital  Series  of  58  Males  of  Peristerophila  longisoma  sp.  n. 


Setal  Designation 

Losspg^l 

Anomalie 

Pg^,Pg'^ 

Pg^ 

Pg'^ 

pg2 

Loss  pgl 

Loss  pgl 

Observed 

or  pg?>  pgl 

P^2 

Pg'i  Pg2 

Pg'i 

Pg2 

Dupl.  pgl 

Dupl.p^l 

Bilateral 

Loss 

13 

Unilateral 

Loss 

6 

6 

16 

Unilateral 

Duplication 

1 

1 

Combination 

Unilateral 

Loss 

6 

1 

1 

Combination 

Unilateral 

Loss  and 
Duplication 

1 

1 

Subtotals 

13  6 

7 

17  6 

1 

1 

1 

1 

Total  =  53  (91%)  specimens  showing  anomalies 

TABLE  2 


Setal  Anomalies  of  the  Idiosoma  and  Legs  of  58  Males  of  Peristerophila  longisoma  sp.  n. 


Setal  Designation 

Anomalie 

Observed  ve 

sci 

see  g  4c 

see 

I2  di  li  1G"iII  1G"iV  vFIII 

Bilateral 

Loss 

1 

Unilateral 

Loss  2 

3 

2  3 

Duplication 

1 

1  3  1 

1  1 

Misplacement 

6 
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Peristerophila  be  emended  to  read  as  follows:  (1)  Small  to  large  mites,  670  to 
1850  p  in  length,  (2)  Chelicerae  edentate  or  with  2-3  small  teeth,  (3)  Stylophore 
extending  below  the  propodosomal  plate  in  some  species,  (4)  Setae  vF  present 
on  femora  III  and  IV  of  some  species,  and  (5)  2-3  pairs  of  paragenitals  present 
on  males. 

Previous  studies  have  shown  the  chaetotaxy  of  syringophilids  to  be  relatively 
stable.  In  contrast,  the  males  ofP.  longisoma  show  great  variation  in  the  paragenital 
series  (Table  1)  and  in  the  setation  of  the  idiosoma  and  legs  (Table  2).  The  high 
frequency  of  anomalies  suggests  that  this  species  is  genetically  heterozygous  at 
several  loci  concerned  with  setal  formation.  Although  duplications  do  occur, 
there  is  a  definite  trend  toward  the  loss  of  setae,  particularly  the  paragenitals. 
If  indeed  the  presence  of  a  seta  is  determined  by  a  dominant  allele,  it  would  follow 
that  the  recessive  allele  would  always  be  expressed  in  the  males  which  are  believed 
to  be  haploid  (Kethley,  1970;  Casto,  1974).  However,  if  the  inheritance  pattern 
were  this  simple  it  would  be  expected  that  a  certain  percentage  of  females  would 
also  show  the  same  anomalies  as  the  males.  This,  however,  was  not  observed. 
The  only  anomaly  noted  on  females  was  the  misplacement  of  setae  sci  on  6  of 
36  specimens  examined.  Setae  vF  of  legs  III  and  IV  appear  first  on  the  larvae  and 
were  found  on  all  adult  males  and  females  examined. 
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A  REPORT  OF  GUADALUPE  BASS  {MICROPTERUS  TRECULI)  X 
SMALLMOUTH  BASS  {M.  DOLOMIEUI)  HYBRIDS  FROM  TWO 
LOCALITIES  IN  THE  GUADALUPE  RIVER,  TEXAS 

by  ROBERT  J.  EDWARDS 

Department  of  Zoology 

The  University  of  Texas  at  Austin 

Austin  78712 

ABSTRACT 

Due  to  a  variety  of  reasons,  natural  Microptems  interspecific  hybrids  have  rarely  been 
found.  Two  instances  of  native  M.  treculi  x  exotic  M  dolomieui  hybridization  are  reported 
from  the  Guadalupe  R.  system,  Comal  Co.,  Texas.  Apparently,  environmental  perturbations 
in  the  study  localities  and  the  introduction  of  a  non-native  species  have  contributed  to  the 
production  of  these  hybrids,  creating  additional  threats  to  the  genetic  integrity  and  continued 
survival  of  M.  treculi,  a  central  Texas  endemic. 

INTRODUCTION 

Natural  interspecific  hybrids  have  been  found  in  diverse  groups  of  fishes, 
including  freshwater  and  marine  forms,  although  the  former  tend  to  show  this 
attribute  to  a  far  greater  degree  than  the  latter  (Eagle r,  er  rz/.,  1962).  Different 
genera  within  a  single  family  also  show  great  variation  in  their  tendencies  to 
hybridize.  For  example,  in  the  North  American  sunfish  family  Centrarchidae, 
the  sunfishes  (Lepomis)  very  commonly  hybridize  with  other  members  of  this 
genus.  However,  incidences  of  interspecific  hybridization  involving  a  closely 
related  group,  the  blackbasses  (Micropterus),  are  extremely  rare  (Hubbs  and  Bailey, 
1940;  Childers,  1975),  although  the  potentiality  for  hybridization  within  this 
genus  has  been  well  documented  by  means  of  artificially  induced  laboratory 
crosses  (Wheat,  er  zz/.,  1971; Childers,  1975).  Apparently , differences  in  coloration, 
behavior  patterns,  seasonality  and  other  ecological  factors  between  the  species 
and,  very  importantly,  geographic  isolation  among  many  members  of  the  genus 
(Childers,  1975)  have  been  responsible  for  the  rarity  of  natural  interspecific 
Micropterus  hybrids.  In  contrast  to  the  genus  Lepom/s,  where  hybrids,  if  viable, 
are  often  sterile  or  have  highly  skewed  sex  ratios  (Lager,  et  al ,  \9 62), Micropterus 
hybrids  are  fully  fertile  and  both  sexes  are  produced  as  shown  in  both  natural 
(Pflieger  and  Fajen,  1975)  and  laboratory  (Wheat,  er  al,  1971)  studies. 
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This  paper  reports  two  occurrences  of  natural  interspecific  hybridization 
between  native  Guadalupe  bass  {M.  treculi)  and  introduced  smallmouth  bass 
(M.  dolomieui)  in  the  Guadalupe  R.,  Comal  Co.,  Texas.  Further,  it  discusses 
possible  contributing  factors  which  have  led  to  the  production  of  these  hybrids 
and  finally  warns  of  certain  potential  dangers  which  may  result  from  widespread 
genetic  contamination  of  the  endemic  Guadalupe  bass  genome. 

MATERIALS  AND  METHODS 

The  putative  hybrid  specimens  were  collected  in  2  localities  in  Comal  Co., 
Texas:  11  individuals  from  Canyon  Reservoir,  a  mainstream  Guadalupe  R.  deep- 
storage  impoundment,  on  September  22-23  and  October  27,  1977  and  2  individ¬ 
uals  from  the  Guadalupe  R.  at  Huaco  Springs,  26  km  downstream  from  Canyon 
Dam,  on  June  25,  1978.  Comparative  materials  of  the  presumed  parental  species 
were  taken  from  Canyon  Reservoir  (41  M.  dolomieui  during  the  1977  collection 
dates)  and  in  the  Guadalupe  R.  at  Huaco  Springs  (16M.  (io/om/ew/ individuals), 
and  from  the  Guadalupe  R.  in  a  50  km  segment  immediately  upstream  from  the 
reservoir  (67  M.  treculi  individuals). 

The  following  11  meristic  characters  were  counted  for  each  specimen:  the 
number  of  dorsal  and  anal  fin  spines  and  rays,  the  number  of  pectoral  rays  (both 
sides),  the  number  of  scales  above,  below  and  along  the  lateral  line  canal,  the 
number  of  scale  rows  around  the  caudal  peduncle  and  the  number  of  scale  rows 
along  the  cheek.  By  summing  all  counts  taken  for  each  specimen,  an  index  of 
hybridization  was  attained  which  allowed  a  quantitative  separation  of  the  2 
parental  taxa  and  yielded  a  comparative  numerical  estimate  of  the  degree  of 
intermediacy  of  the  hybrid  individuals  in  relation  to  the  parental  species. 

RESULTS 

All  but  2  of  the  hybrids  were  juveniles  (42-86  mm  Standard  Length)  and  these 
possessed  elements  of  the  color  pattern  of  both  M.  treculi  andM.  dolomieui.  The 
distinctive  ventrolateral  spotting  pattern  of  M.  treculi  is  partly  developed  in  each 
hybrid.  However,  the  vertical  bars  found  in  the  hybrids  more  closely  resemble 
those  found  on  M.  dolomieui,  except  posteriorly,  where  weakly  developed  elon¬ 
gated  diamond  shaped  bars,  more  characteristic  of M.  treculi,  are  expressed.  The 
basicaudal  spot,  which  is  rather  boldly  marked  onM.  frecw// juveniles  and  is  not 
normally  found  in  M.  dolomieui,  is  intermediate  in  its  expression  in  the  hybrid 
specimens  (Fig.  1).  Two  adult  hybrids  (272  and  268  mm  SL)  were  also  captured 
from  Canyon  Reservoir  and  in  these  the  similarities  and  the  differences  of  the 
other  hybrids  to  the  parental  species  are  also  found.  In  addition,  the  hybrid  speci¬ 
mens  possess  only  a  slight  patch  to  no  glossohyal  teeth,  seemingly  very  similar 
to  M.  dolomieui  and  in  contrast  to  M.  treculi  where  a  well  developed  patch  of 
teeth  are  present. 


GUADALUPE  BASS  X  SMALLMOUTH  BASS  HYBRIDS 


233 


Figure  1.  (top  to  bottom)  M.  dolomieui  (74  mm  SL),  hybrid  (86  mm  SL),  AT.  treculi 
(74  mm  SL),  hybrid  (272  mm  SL). 


Of  the  meristic  characters  analyzed,  the  number  of  dorsal  and  anal  fin  spines 
in  all  samples  were  modally  10  and  3,  respectively,  with  little  variation  among 
individuals  or  species.  Greater  variation  was  found  in  the  other  characters  studied 
with,  in  general,  M.  treculi  possessing  fewer  scales  or  fin  rays  than  the  hybrids 
which,  in  turn,  possessed  fewer  of  these  elements  than  did  M.  dolomieui  (Table  1). 
In  2  counts  (anal  soft  ray  number  and  pectoral  fin  ray  number),  the  hybrids  were 
more  similar  to  the  counts  found  in  M.  dolomieui  than  either  of  these  samples 
were  to  M.  treculi,  while  in  the  remainder  the  hybrids  were  more  intermediate  in 
their  expression  of  each  of  these  traits.  The  index  of  hybridization  yields  complete 
separation  of  the  parental  types  with  the  hybrids  being  intermediate  and  overlap¬ 
ping  only  slightly  with  either  parental  species.  The  average  degree  of  intermediacy 
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of  the  Canyon  Reservoir  hybrids  is  49.4%  (where  a  value  of  50.0%  represents 
exact  intermediacy  between  the  parental  species  and  where  the  mean  index  values 
for  M.  trecuii  and  M.  dolomieui  equal  0  and  100.0%,  respectively)  and  45.4% 
and  29%  for  the  2  specimens  from  the  Guadalupe  R.  site.  The  latter  hybrid  may 
possibly  be  a  backcrossed  individual  0T  trecuii  x  M.  dolomieuihybxidi  x  M  trecuii) 
based  upon  both  a  relatively  low  index  value  and  an  overall  color  pattern  very 
similar  to  M.  trecuii,  but  with  slender  vertical  bars  with  wide  spaces  between  each 
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bar,  characteristic  of  M.  dolomieui  Because  of  such  a  limited  sample,  further 
discussion  of  possible  backcrossing  at  this  point  must  remain  speculative. 

DISCUSSION 

Hybridization  in  nature  is  often  a  consequence  of  one  or  more  environmental 
perturbations.  This  characterization  aptly  describes  both  Canyon  Reservoir  and 
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the  Guadalupe  R.  downstream  from  Canyon  Dam  where  hypolimnion  reservoir 
releases  have  disrupted  the  natural  faunal  assemblage  (Edwards,  1978).  In  both 
areas,  M.  treculi  is  relatively  rare,  a  factor  which  has  undoubtedly  contributed  to 
the  production  of  these  hybrids.  Because  Af.  dolomieui  has  been  stocked  and  has 
had  insufficient  time  to  reach  its  carrying  capacity ,  it  is  also  found  in  only  relatively 
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few  numbers,  augmenting  the  potentiality  for  hybridization  to  occur.  Both  par¬ 
ental  species  are  ecologically  similar  as  well  as  superficially  similar  in  appearance 
(according  to  Hubbs  and  Bailey  (1942),  M.  treculi  resembles  Af.  dolomieui  more 
than  any  other  species  of  Micropterus),  presumably  increasing  the  probability  of 
contact  due  to  a  high  degree  of  niche  overlap.  Additionally,  these  2  species  are 
naturally  geographically  isolated  and  reproductive  isolating  mechanisms  may  not 
necessarily  be  established  between  these  taxa  as  has  been  suggested  in  relation  to 
other  species  groups  (Turner  and  Liu,  1977). 

The  Texas  Parks  and  WildUfe  Department  (TPWD)  and  other  (including  federal) 
agencies  have  attempted  to  introduce  smallmouth  bass  in  Texas  since  at  least 
1916  (O’Malley,  1917),  usually  with  little  or  no  success.  In  recent  years,  TPWD 
has  redoubled  their  efforts  to  establish  Af.  dolomieui  in  Texas  waters.  Successful 
spawning  of  exotic  Af.  dolomieui  was  observed  in  the  upper  Guadalupe  R.  in 
May  1976  in  an  area  also  used  by  M.  treculi  for  nesting  and  is  now  confirmed 
from  Canyon  Reservoir  and  the  Guadalupe  R.  below  this  impoundment  in  1977 
and  1978. 

In  a  similar  instance  oi Micropterus  hybridization,  in  this  case  involving  native 
smallmouth  bass  and  introduced  spotted  bass  (A/,  punctulatus)  in  Missouri 
streams,  Pflieger  and  Fajen  (1975)  reported  that  natural  hybrids  between  these  2 
species  have  resulted  in  the  introgression  of  the  exotic  Af.  punctulatus  genes  into 
the  gene  pool  of  the  indigenous  Af.  dolomieui.  Childers  (1975)  warned  that  although 
hybrid  bass  may  be  of  value  to  sport  fishermen  due  to  heterotic  growth  rates  and 
increased  fighting  ability,  if  such  hybrids  are  released  into  waters  containing  their 
parent  species,  there  is  not  only  a  definite  possibility  that  they  would  backcross 
with  the  parental  types  but  that  backcrossing  might  result  in  gene  flow  between 
the  taxa  which  “could  result  in  genetic  damage  to  one  or  both  of  the  parent 
species.”  The  2  adult  hybrid  individuals  in  the  Canyon  Reservoir  sample  were 
females  with  well  developed  ovaries,  suggesting  that  if  backcrossing  has  not  yet 
occurred,  certainly  the  potentiality  for  such  genetic  mixing  remains. 

Due  to  human  induced  changes  in  the  central  Texas  stream  systems,  the 
Guadalupe  bass  has  been  already  categorized  by  TPWD  as  a  “Depleted”  species. 
The  Texas  Organization  for  Endangered  Species  (TOES)  has  classified  Af.  treculi 
as  a  “Threatened”  species  and  the  International  Union  for  the  Conservation  of 
Nature  and  Natural  Resources  (lUCN)  currently  lists  this  species  as  “Vulnerable”. 
The  U.S.  federal  government,  however,  considers  the  Guadalupe  bass  as  of 
“Indeterminate”  status.  These  classifications  were  derived  prior  to  the  discovery 
of  the  hybrids. 

Because  TPWD  has  introduced  the  smallmouth  bass  throughout  the  existing 
range  of  the  Guadalupe  bass,  leaving  no  known  population  without  some  degree 
of  threat  from  the  possibility  of  hybridization  and  genetic  contamination,  the 
present  threats  to  this  species  have  now  been  substantially  increased.  The  elimi¬ 
nation  of  genetic  contamination  from  the  species  once  extensive  hybridization 
and  backcrossing  have  occurred  would  be  extremely  difficult,  if  not  impossible. 


238 


THE  TEXAS  JOURNAL  OF  SCIENCE 


considering  the  magnitude  of  the  area  inhabited  hy  M.  trecull  It  seems,  therefore, 
that  the  smallmouth  bass  introduction  program  by  TPWD  in  central  Texas  should 
be  carefully  re-evaluated  since  this  program  may  further  threaten  the  existence 
of  an  already  depleted  endemic  natural  resource. 
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ABSTRACT 

The  phytoplankton  flora  of  northern  Lake  Arlington,  Tarrant  Co.,  Texas,  was  observed 
between  March,  1977,  and  August,  1978.  One  hundred  twenty  species  of  algae  were  collected 
and  identified,  including  67  Chlorophyta,  20  Chiysophyta,  18  Cyanophyta,  9  Euglenophyta, 
4  Pyrrophyta,  and  2  Cryptophy  ta  species.  The  number  of  species  observed  per  collection  date 
was  lowest  in  April  (32  species)  and  highest  in  October  (76  species).  The  seasonal  succession 
of  algae  included  a  summer  peak  for  the  Cyanophyta,  a  winter  peak  for  the  Chrysophyta, 
and  dominance  by  the  Chlorophyta  in  spring  and  autumn. 

INTRODUCTION 

Although  many  studies  have  evaluated  the  role  of  phytoplankton  in  fresh¬ 
water  lakes  and  reservoirs  of  Texas,  there  is  no  definitive  work  concerning  the 
taxonomic  aspects  of  this  population.  Several  studies,  primarily  masters’  theses, 
have  listed  the  algae  of  various  bodies  of  water  but  most  are  identified  only  to 
genus  (Johns,  1939;  Cappel,  1970;  Baglin,  1972;  Carr,  1973;  Cooper  and  Newton, 
1975).  The  largest  number  of  species  recorded  in  any  of  these  studies  is  60 
(Cappel,  1970).  According  to  our  study,  even  this  number  represents  only  a 
fraction  of  the  phytoplankton  flora. 

The  phytoplankton  flora  of  northern  Lake  Arlington  was  observed  during  an 
18  month  period  from  March,  1977,  to  August,  1978.  This  was  done  in  conjunc¬ 
tion  with  studies  of  the  community  composition,  yearly  succession,  and  produc¬ 
tivity  (Hopkins,  1978).  Carr  (1973)  described  the  phytoplankton  population  of 
Lake  Arlington  in  a  study  which  served  as  a  valuable  starting  point  and  standard 
of  comparison  for  the  current  study. 

Lake  Arlington  is  a  man-made  reservoir  created  in  1957  by  damming  of  Village 
Creek,  a  tributary  of  the  Trinity  River  in  eastern  Tarrant  County,  Texas.  Lake 
Arlington  serves  as  the  primary  water  supply  for  Arlington,  Texas;  the  source  of 
cooling  water  for  the  Texas  Electric  Service  Co.  power  plant  at  Handley,  Texas; 
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and  as  a  major  recreational  facility  for  boaters  and  fishermen.  The  lake  has  a 
surface  area  of  approximately  920  ha  and  an  estimated  volume  of  5.6  x  10^  m^ 
(Carr,  1973).  Due  to  the  importance  of  this  body  of  water  to  the  area,  several 
studies  have  been  undertaken  to  assess  the  physico-chemical  and  biological 
characteristics  of  Lake  Arlington  (listed  in  Pettitt  and  Dutton,  1977).  This  paper 
adds  to  that  information  by  providing  a  list  of  the  phytoplankton  flora  and  a 
profile  of  seasonal  changes  in  relative  abundance  of  the  algal  divisions. 

MATERIALS  AND  METHODS 

Phytoplankton  samples  were  collected  and  identified  on  approximately  3 
week  intervals  between  March,  1977,  and  August,  1978,  at  6  sites  in  the  northern 
portion  of  Lake  Arlington  (Fig.  1).  At  stations  1  and  2  a  systematic  sampling 
was  undertaken  so  that  a  seasonal  comparison  of  the  number  of  species  present 
and  changes  in  the  relative  abundance  of  the  algal  divisions  could  be  calculated. 
These  samples  were  collected  in  gallon  jars  at  .25  m.  Living  specimens  were  spun 
at  13,000  rpm  in  lEC  B-20A  Centrifuge.  The  volume  was  reduced  from  1000  ml 
to  about  5  ml.  Eight  0.02  ml  subsamples  of  the  concentrate  were  evaluated  for 
species  identification  and  numbers  using  a  Zeiss  Standard  18  microscope.  Two 
hundred  ml  of  the  supernatant  from  the  centrifugation  process  was  passed  through 
a  0.45  jum  Mdlipore  filter  (43  mm  dia.)  and  these  samples  were  similarly  evaluated 
for  organisms  not  concentrated  by  centrifugation.  The  total  organisms/liter  and  the 
relative  abundance  of  each  algal  division  were  calculated  by  combining  the  results 
of  the  centrifuged  and  filtered  examinations. 

The  remaining  concentrated  phytoplankton  was  preserved  in  5%  formalin 
for  later  taxonomic  work  and  to  serve  as  a  permanent  record.  These  are  available 
at  the  University  of  Texas  at  Arlington  museum.  Supplementary  samples  were 
collected  at  several  depths  at  stations  3, 4, 5, and  6  to  record  any  species  not  seen 
at  stations  1  and  2. 

Algae  were  keyed  to  species  when  possible.  For  most  genera,  Prescott  (1962) 
was  used  as  the  major  reference  and  the  identifications  checked  against  Smith 
(1950),  Bourrelly  (1968,  1970,  1972),  and  Whitford and  Schumacher  (1973). 
Certain  genera  and  groups  were  keyed  elsewhere:  desmids  in  Smith  (1924), 
Scenedesmus  spp.  in  Uherkovich  (1966),  Tetrastrum  spp.  in  Ahlstrom  and 
Tiffany  (1934),  diatoms  in  Patrick  and  Reimer  (1966,  1975)  and  Hustedt  (1930), 
and  Ceratium  spp.  in  Schiller  (1937).  A  few  species  of  Anabaena  could  not  be 
keyed  to  species  due  to  a  lack  of  reproductive  structures.  Labelled  drawings  of 
all  genera  and  photomicrographs  of  most  are  on  file  with  the  senior  author. 

RESULTS 

The  phytoplankton  flora  of  Lake  Arlington  includes  120  species  of  algae 
representing’ 73  genera.  The  distribution  of  these  algae  into  the  various  divisions 
is  shown  in  Table  1  (classification  according  to  Prescott,  1962). 
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TABLE  1 

Phytoplankton  Flora  of  Lake  Arlington  by  Algal  Division 


Division 

Number  of  Species 

Number  of  Genera 

Chlorophyta 

67 

37 

Euglenophyta 

9 

5 

Cryptophyta 

2 

2 

Pyrrophyta 

4 

3 

Chrysophyta 

20 

13 

Cyanophyta 

18 

13 

TOTAL 

120 

73 
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The  following  list  of  species  was  observed  in  the  phytoplankton  of  Lake 
Arlington: 


CHLOROPHYTA 


Actinastrum  hantzschii  Lagerh. 
Ankistrodesmus  falcatus  (Corda)  Ralfs 
Botryococcus  braunii  Kiitz. 

Carteria  globosa  Korsch. 

Chlamydomonas  angulosa  Dill 
Chlamydomonas  globosa  Snow 
Chlorella  vulgaris  Beijer. 

Chlorogonium  fusiforme  Matw. 
Chodatella  ciliata  (Lagerh.)  Lemm. 
Chodatella  citriformis  Snow 
Chodatella  quadriseta  Lemm. 

Chodatella  wratislavensis  (Schr.)  Ley. 
Closterium  venus  Klftz. 

Coccomonas  orbicularis  Stein 
Coelastrum  cambricum  Archer 
Coelastrum  microporum  Nag. 

Coelastrum  proboscideum  Bohlin 
Cosmarium  bioculatum  Breb. 

Cosmarium  botrytis  (Bory)  Menegh. 
Crucigenia  crucifera  (Wolle)  Collins 
Crucigenia  tetrapedia  (Kirch.)  W.  and  W. 
Dictyosphaerium  ehrenbergianum  Nag. 
Dysmorphococcus  variabilis  Takeda 
Euastrum  pulchellum  Breb. 

Eudorina  elegans  Ehr. 

Franceia  droescheri  (Lemm.)  G.  M.  Smith 
Golenkinia  radiata  Chod. 

Gonium  pectorale  Muell. 

Gonium  sociale  (Duj.)  Warming 
Kirchneriella  obesa  (W.  West)  Schmidle 
Kirchneriella  subsolitaria  G.  S.  West 
Mougeotia  elegantula  Wittr. 
Nephrocytium  lunatum  W.  West 
Oocystis  borgei  Snow 
Oocystis  pusilla  Hansg. 


Euglena  acus  Ehr, 

Euglena  polymorpha  Dang. 
Euglena  texta  (Duj.)  Hubn. 
Lepocinclis  acuta  Prescott 
Phacus  orbicularis  Hubn. 


Pandorina  charkowiensis  Korsh. 

Pandorina  morum  (Muell.)  Bory 
Pediastrum  duplex  Meyen 
Pediastrum  simplex  (Meyen)  Lemm. 
Pediastrum  tetras  var.  tetraodon  (Cord.)  Rab. 
Phacotus  lenticularis  (Ehr.)  Stein 
Polydriopsis  spinulosa  Schmidle 
Scenedesmus  acuminatus  (Lagerh.)  Chod. 
Scenedesmus  bicaudatus  (Hansg.)  Chod. 
Scenedesmus  denticulatus  Lagerh. 
Scenedesmus  denticulatus  var.  linearis 
(Hortob.)  Uherkov. 

Scenedesmus  ecornis  (Ralfs)  Chod. 
Scenedesmus  intermedius  var.  balatonicus 
Hortob. 

Scenedesmus  quadricauda  (Turp.)  Breb. 
Scenedesmus  serratus  (Corda)  Bohlin 
Scenedesmus  spinosus  Chod. 

Schroederia  setigera  (Schroed.)  Lemm. 
Staurastrum  paradoxum  Meyen 
Tetrachlorella  coronata  Korch. 

Tetraedron  caudatum  (Corda)  Hansg. 
Tetraedron  constrictum  G.  M.  Smith 
Tetraedron  gracile  (Reinsch)  Hansg. 
Tetraedron  minimum  (A.  Br.)  Hansg. 
Tetraedron  muticum  (A.  Br.)  Hansg. 
Tetraedron  regulare  var.  incus  Teiling. 
Tetraedron  trigonum  var.  gracile  (Reinsch) 
DeToni 

Tetrallantos  lagerheimii  Teiling 
Tetrastrum  glabrum  (Roll)  Ahlstrom  &  Tiffany 
Tetrastrum  heteracanthum  (Nordst.)  Chod. 
Tetrastrum  staurogeniae forme  (Schr.)  Lemm. 
Treubaria  setigerum  (Archer)  G.  M.  Smith 
Westella  botryoides  (W.  West)  de  Wild. 


Strombomonas  gibberosa  (Playf.)  DefL 
Strombomonas  verrucosa  (Daday)  DefL 
Trachelomonas  granulosa  Playfair 
Trachelomonas  volvocina  Ehr. 


CRYPTOPHYTA 

Cryptomonas  erosa  Ehr. 


Chroomonas  nordstedii  Hansg. 
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Ceratium  brachyceros  Daday 
Ceratium  hircus  Schr. 


PYRROPHYTA 

Gymnodinium  palustre  Schilling 
Peridinium  inconspicuum  Lemm. 


CHRYSOPHYTA 


Amphora  ovalis  Kutz. 

Chrysococcus  areolatus  Conr. 

Cocconeis  placentula  Ehr. 

Cyclotella  meneghiniana  Kutz. 

Cymbella  tumida  (Breb.  ex  Kutz.)  V.  H. 
Fragilaria  crotonensis  Kitton 
Mallomonas  caudata  Iwanoff 
Mallomonas  producta  Iwanoff 
Melosira  distans  (Ehr.)  Kutz. 

Melosira  granulata  (Ehr.)  Ralfs 


Melosira  islandica  O.  Muller 
Melosira  italica  (Ehr.)  Kutz. 

Navicula  gastrum  (Ehr.)  Kutz. 

Navicula  pupuli  var.  rectangularis  (Greg.)  Grua 
Nitzschia  acicularis  W.  Smith 
Nitzschia  palea  (Kutz.)  W.  Smith 
Nitzschia  holsatica  Hust. 

Rhizosolenia  eriensis  H.  L.  Smith 
Stephanodiscus  astraea  (Ehr.)  Grun. 

Synedra  ulna  (Nitz.)  Ehr. 


CYANOPHYTA 


Anabaena  limnetica  G.  M.  Smith 
Anabaena  sphaerica  Bornet  &  Flah. 
Anabaenopsis  elenkinii  Miller 
Aphanizomenon  flos-aquae  (L.)  Ralfs 
Aphanocapsa  rivularis  (Carm.)  Rab. 
Chroococcus  limneticus  Lemm. 
Chroococcus  prescottii  Drouet  &  Daily 
Coelosphaerium  dubium  Grun. 
Gomphosphaeria  lacustris  Chod. 


Lyngbya  contorta  Lemm. 

Lyngbya  limnetica  Lemm. 
Merismopedia  glauca  (Ehr.)  Nag. 
Merismopedia  tenuissima  Lemm. 
Microcystis  incerta  Lemm. 
Oscillatoria  amphibia  Ag. 
Oscillatoria  nigra  Vaucher 
Raphidiopsis  curvata  Fritsch  &  Rich 
Spirulina  laxa  G.  M.  Smith 


The  combined  number  of  species  observed  at  stations  1  and  2  per  sampling 
date  varied  from  a  minimum  of  32  species  on  April  13, 1977,  to  a  maximum  of 
76  on  October  12,  1977.  In  general  the  number  of  species  is  lowest  in  early 
spring  and  increases  gradually  and  consistently  to  an  October  maximum  (Fig.  2). 

Fig.  3  shows  changes  in  the  relative  abundance  of  the  6  algal  divisions  observed 
at  station  1.  The  Pyrrophyta  and  Cryptophyta  were  combined  since  their  numbers 
were  always  small.  The  former  reaches  its  peak  of  about  5%  in  June  while  the 
latter  exceeds  1%  only  in  November  (1.4%).  The  total  number  of  algae/liter 
observed  at  station  1  varied  from  a  yearly  high  of  10.24  x  10^  on  October  12, 
1977,  to  a  low  of  0.63  x  10^  on  April  27,  1977.  At  station  2  the  high  was  10.85 
X  10^  on  September  21,  1977,  and  the  low  was  0.71  x  10^  on  April  13,  1977. 

DISCUSSION 


The  phytoplankton  flora  of  Lake  ArUngton  is  dominated  by  the  Chlorophyta 
which  comprise  56%  of  the  species  observed.  The  green  algae  population  is  diverse 
and  well-represented  throughout  the  year— varying  from  a  low  of  16.8%  in  May, 
1977,  to  a  high  of  77.5%  in  June,  1977.  Although  the  May  date  represents  the 
low,  in  general  the  green  population  peaks  during  the  spring  months.  At  the  end 
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Figure  2.  Number  of  phytoplankton  species  observed  per  collection  date  at  stations  1 
and  2  in  Lake  Arlington. 


Figure  3.  Seasonal  changes  in  the  relative  abundance  of  6  algae  divisions  in  the  phyto¬ 
plankton  at  station  1. 
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of  March  in  1977,  there  was  a  major  flood  in  the  Lake  ArUngton  area.  Within  a 
week  the  lake  level  rose  10  ft.  This  was  followed  by  a  Chrysophyta  bloom  which 
depressed  the  relative  abundance  values  for  the  other  divisions  during  May.  The 
Chrysophyta  population  consists  mainly  of  diatoms  which  are  found  throughout 
the  year  in  large  numbers.  This  division  is  dominant  during  January,  February, 
and  March  and  is  reduced  during  June,  July,  and  August. 

The  Euglenophyta  are  represented  by  only  9  species  but  are  larger  in  cell 
size  than  many  of  the  other  algae  and  are  often  found  in  large  numbers.  They  are 
present  year  round  in  rather  uniform  numbers.  The  Pyrrophyta  and  Cryptophyta 
are  the  least  important  numerically.  The  Pyrrophyta  are  most  abundant  in  June 
and  the  Cryptophyta  in  November.  The  Cyanophyta  is  the  group  showing  the 
greatest  seasonal  fluctuation.  The  blue  greens  made  up  only  0.3%  of  the  phyto¬ 
plankton  at  station  1  on  May  13,  1977,  but  increased  to  63.2%  on  August  8. 

The  changes  in  algae  populations  observed  in  Lake  Arlington  are  representative 
of  seasonal  changes  found  in  many  lakes  and  reservoirs.  This  pattern  reveals  winter 
diatom  and  summer  blue  green  blooms  with  intervening  green  algae  dominance. 
Fig.  3  represents  this  sequence  at  station  1 ;  station  2  showed  a  very  similar 
pattern.  Although  quantitative  evaluations  of  the  phytoplankton  were  not  under¬ 
taken  at  stations  3, 4,  5 ,  and  6,  cursory  examinations  revealed  similar  species  and 
relative  abundance  patterns.  This  is  to  be  expected  since  the  water  in  northern 
Lake  Arlington  is  circulated  through  the  power  plant  approximately  every  10 
days  and  is  therefore  well  mixed.  The  only  major  inflow  of  water  occurs  at  the 
far  south  end,  and  overflow  at  the  north  end  is  a  rare  occurrence. 

The  number  of  species  observed  in  the  phytoplankton  at  stations  1  and  2 
shows  a  striking  seasonal  fluctuation.  The  smallest  number  of  species  was  observed 
in  early  spring  and  the  largest  number  in  early  autumn.  This  pattern  correlates 
well  with  the  phytoplankton  population  size  which,  during  the  same  period, 
reached  a  maximum  in  early  October  and  a  minimum  in  April.  The  increase  in 
the  number  of  species  observed  in  the  second  year  was  probably  due  to  increased 
taxonomic  proficiency  by  the  investigators  and  to  milder  spring  weather  in  1978. 

The  observation  of  120  species  in  the  phytoplankton  of  Lake  Arlington 
represents  a  much  greater  number  than  has  been  previously  recorded  from  Texas 
reservoirs  (Johns,  1939;Cappel,  1970;  Baglin,  1972;  Cooper  and  Newton,  1975). 
Our  larger  value  is  due  to  frequent  sampling  over  a  long  period  of  time  and  the 
use  of  the  centrifugation  technique  coupled  with  filtration  of  the  supernatant. 
Most  observers  used  plankton  nets  which  have  been  shown  to  miss  most  nanno- 
plankton  species. 
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ABSTRACT 


The  seeds  of  23  species  of  the  genus  Sophora  were  examined  for  the  presence  of  pipecolic 
acid,  4-hydroxypipecolic  acid  and  7-amino-n-butyric  acid  and  one  dipeptide,  7-glutamyltyro- 
sine.  Pipecolic  acid  was  found  in  13  species,  4-hydroxypipecolic  acid  in  4  species,  and  7-amino- 
n-butyric  acid  in  1 1  species;  14  species  contained  7-glutamyltyrosine. 

Some  of  the  species  contained  1,2,3,  or  all  of  the  ninhydrin-reacting  compounds,  while 
others  contained  none.  The  presence  and  absence  of  these  compounds  were  used  to  classify 
the  23  species  of  the  genus  Sophora  according  to  the  rules  of  the  chemotaxonomy. 

INTRODUCTION 

The  genus  Sophora,  Family  Leguminosae,  consists  of  about  80  members,  and 
is  considered  to  be  heterogeneous  (Correll  and  Jonnston,  1970).  The  Sophora 
species  are  known  to  contain  the  cytisine  and  the  matrine  series  of  alkaloids 
(Kingsbury,  1964;  Troike,  1962;  Moeschlin,  1965;  and  Izaddoost,  1975).  The 
genus  also  contains  uncommon  amino  acids  and  peptides  that  occur  unequally 
throughout  the  genus.  Twenty-three  Sophora  species  have  been  examined  for  3 
uncommon  amino  acids,  and  the  dipeptide  7~glutamyltyrosine.  On  the  basis  of 
this  examination,  a  chemotaxonomic  arrangement  of  the  Sophora  species  is 
suggested. 


EXPERIMENTAL 

In  these  studies,  23  species  of  the  genus  Sophora  were  examined  for  their 
non-protein  free  amino  acid  content.  Plant  materials  except  for  3  cases  were  hulled 
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seeds.  The  species  used  and  the  suppliers  are  as  follows: 


I.  Plants  obtained  from  the  Hebarium  of  the  Department  of  Botany,  University 


of  Texas  at  Austin : 

1 .  Sophora  angustifolia 

2 .  Sophora  alopecuroides 

3 .  Sophora  affinis 

4.  Sophora  chrysophylla 

5.  Sophora  griffithii 

6.  Sophora  gypsophylla 


1.  Sophora  japonica 

8 .  Sophora  microphylla 

9.  Sophora  reticulata 

10.  Sophora  serica  nutteliana 

1 1.  Sophora  secundiflora 

12.  Sophora  tomentosa 


II.  Plants  obtained  from  the  Herbarium  of  Southern  Methodist  University,  at 
Dallas,  Texas: 

1 .  Sophora  formosa 

2 .  Sophora  stenophylla 


III.  Plants  obtained  from  the  Herbarium  of  the  University  of  California,  at 


Berkeley: 

1 .  Sophora  leachiana 

2.  Sophora  longipesman 

3.  Sophora  macro  carpa 

4.  Sophora  massafeurana 


5 .  Sophora  mooroftiana 

6.  Sophora  mo  Us 

7.  Sophora  pachy carpa 

8.  Sophora  tetraptera 


IV.  Plants  obtained  from  the  Herbarium  of  the  University  of  Arizona  at  Tempe: 
1.  Sophora  arizonica 


Details  of  isolation,  identification  and  quantitative  measurement  of  pipecolic 
acid,  4-hydro xypipecolic  acid,  and  7-glutamyltyrosine  have  been  published 
(Izaddoost,  etal,  1976).  7-Amino-n-butyric  acid  was  first  detected  by  two- 
directional  paper  chromatography  and  then  was  verified  and  quantitated  by 
amino  acid  analysis.  The  analyses  were  carried  out  on  a  JEOLamino  acid  analyzer 
using  JEDL  C-R-2  resin  and  JEOL  standard  system  for  analysis  of  basic  amino 
acids  in  physiological  fluids. 


RESULTS 


Preliminary  studies  tested  the  effects  of  the  climate  (as  affected  by  location) 
and  nutrition  of  the  whole  plant  on  the  composition  of  the  seeds  of  2  species  of 
the  genus  Sophora.  Sophora  secundiflora  seeds  were  collected  from  Austin,  Texas 
and  from  Denton,  Texas.  Austin  has  a  warmer  climate  than  Denton,  and  is  more 
like  the  native  habitat  (northern  Mexico)  of  this  species.  Table  1  gives  quantitative 
and  qualitative  analyses  of  uncombined  amino  compounds  in  seeds  ofS.  secundi¬ 
flora  grown  at  Austin  and  Denton.  The  results  show  that  the  amino  compounds 
of  the  seeds  are  qualitatively  similar  but  quantitatively  different. 

The  seeds  apparently  reflect  the  amino  compound  composition  of  the  vege¬ 
tative  parts.  For  example,  5”.  secundiflora  trees  in  Northern  Texas  did  not  produce 
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fruit,  but  leaves  and  stems  contained  the  same  uncommon  amino  compounds 
present  in  the  seeds  of  S.  secundiflora  grown  in  native  conditions.  Hence,  it  is 
reasonable  that  seeds  from  different  locations  show  qualitatively  the  same  uncom¬ 
mon  amino  compounds  even  though  they  are  present  in  different  concentrations. 


TABLE  1 

Quantitative  Amino  Acid  Analysis  of  50%  Ethanolic  Extract  of  Fresh 
Seeds  of  S.  Secundiflora  Obtained  from  Different  Locations 


Amino  Acids 

Austin,  Texas 

Denton,  Texas 

Asp 

17a 

15 

Asn 

12 

Ser 

t 

4-OH-pip^ 

228 

99 

Glu 

114 

85 

Pro 

t 

t 

Gly 

168 

t 

Ala 

51 

10 

Pip 

t 

t 

Gly-Tyr 

330 

141 

Val 

t 

t 

He 

t 

t 

Leu 

t 

t 

Tyr 

27 

11 

Phe 

t 

^Values  represent  micromoles/g,  (jUm/g). 

°t  =  trace  amounts  (less  than  10  jJmlg), 

^Uncommon  abbreviations  are  as  follows:  4-OH“pip  =  4-hydroxypipecolic 
acid;  pip  =  pipecolic  acid;  Glu-Tyr  =  7-glutamyltyrosine. 

Seeds  of  S.  affinis  were  also  collected  from  Austin  and  Denton,  Texas,  and 
were  similarly  studied.  Plants  grown  in  Austin  were  fertilized  regularly  and  those 
from  Denton  were  unattended.  Nevertheless,  the  qualitative  composition  of  the 
amino  compounds  of  the  seeds  were  similar  from  the  2  locations  (Table  2),  The 
results  indicated  that  a  valid  comparison  of  the  2  species  can  be  made ,  even  though 
they  were  grown  under  different  climatic  and  nutritional  conditions. 

These  results  indicate  that  the  occurrence  of  unusual  amino  compounds  in 
seeds  is  a  characteristic  of  the  species  and  not  of  climate  and  environment  where 
the  plants  grow.  Consequently,  the  results  presented  in  Table  3  should  show  valid 
characteristics  of  the  species.  Table  3  summarizes  the  results  of  the  examination 
of  seeds  from  23  species  of  Sophora  for  pipecolic  acid,  4-hydroxypipecolic  acid, 
T-amino-n-butyric  acid  and  7-glutamyl-tyrosine.  Thirteen  species  contained 
pipecolic  and  4  of  these  contained  4~hydroxypipecolic  acid.4-Hydroxypipecolic 
acid  did  not  occur  in  the  absence  of  pipecolic  acid.  These  facts  are  consistant 
with  the  reasonable  expectation  that  4-hydroxypipecolic  acid  is  formed  from 
pipecolic  acid. 
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TABLE  2 

Quantitative  Amino  Acid  Analysis  of  50%  Ethanolic  Extract  of 
Fresh  Seeds  of  S.  Affinis  Obtained  from  Different  Locations 


Amino  Acids 

Austin,  Texas 

Denton,  Texas 

Asp 

15" 

5 

Asn 

15 

10 

Ser 

145 

80 

Glu 

56 

Pro 

t 

Gly 

35 

10 

Ala 

49 

25 

Glu-Tyr^ 

71 

63 

Val 

t 

t 

lie 

t 

t 

Leu 

t 

t 

Tyr 

13 

15 

Phe 

8 

8 

^Values  represent  jJm/g  of  fresh  seed. 

^t  =  trace  amount  (less  than  10  jUm/g  seed). 
^Glu-Tyr  =  7-glutamyltyrosine. 


The  observations  of  pipecolic  acid  and  hydroxypipecolic  acid  content  of 
Sophora  seeds  suggest  that  the  genus  Sophora  can  be  divided  into  3  subgeneric 
groups  (Fig.  1).  Those  species  which  contain  no  pipecolic  acid  are  regarded  as 
more  primitive  members  of  the  genus  and  are  called  Group  I  or  Iranian  group, 
because  most  of  the  members  of  the  group  are  found  in  the  Iranian  region  of  the 
world.  Those  which  contain  pipecolic  acid  were  categorized  as  Group  II  or  Hawaiian 
group,  because  most  members  of  the  group  are  found  in  Southeast  Asia  and  Hawaii. 
Those  plants  which  contain  both  pipecolic  acid  and  its  derivative,  4--hydroxy- 
pipecolic  acid  were  named  the  Texas  group  or  Group  III.  AU  members  of  this 
group  are  native  to  the  Southwestern  region  of  North  America. 

The  dipeptide  7-glutamyltyrosine  was  found  in  some  members  of  each  group 
but  absent  in  others.  Accordingly,  the  Iranian  and  Hawaiian  groups  were  sub¬ 
divided  into  2  subgroups,  one  of  which  contained  the  dipeptide,  and  one  which 
did  not  (Fig.  1).  It  should  be  emphasized  that  this  branching  is  not  of  any  signi¬ 
ficance  regarding  the  evolutionary  advancement  of  the  Sophora  species.  The 
presence  of  the  dipeptide  merely  indicates  the  presence  of  a  series  of  enzymes 
which  evolved  independently  of  those  involved  in  biosynthesis  of  pipecolic  acid 
(Fig.  1,  Table  3).  In  other  words,  the  classisficationhere  may  be  based  on  the  pipecolic 
acid  content  or  the  dipeptide  content,  since  the  2  compounds  are  not  related. 

From  further  studies  of  the  amino  acid  composition  of  these  plants,  there 
appeared  to  have  been  another  mutation,  independent  of  those  mentioned  above. 
This  led  to  the  appearance  of  another  uncommon  amino  acid,7-amino-n-butyric 
acid,  in  some  Sophora  species.  If  the  7-aminobutyric  acid  was  used  as  a  reference 
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for  the  evaluation  of  the  evolution  of  the  genus  Sophora,  then  the  genus  could 
be  further  subdivided  (Fig.  1). 


TABLE  3 


The  Appearance  of  Four  Chemotaxonomically  Important  Ninhdrin-Reacting 
Compounds  Obtained  from  50%  Ethanolic  Extract  of  23  Species  of  Sophora 


Sophora  species 

4~hydroxy- 

pipecolic 

acid 

Pipecolic 

acid 

7-glutamyl¬ 

tyrosine 

7-amino-n- 

butyric 

acid 

arizonica 

26^ 

18 

105 

42 

gypsophylla 

141 

14 

178 

formosa 

97 

10 

102 

.  ND^ 

secundiflora 

228 

12 

330 

ND 

angustifolia 

ND 

t^ 

Q 

p 

54 

chrysophylla 

ND 

t 

52 

ND 

microphylla 

ND 

t 

106 

ND 

tetraptera 

ND 

t 

100 

ND 

leachiana 

ND 

t 

ND 

25 

nutteliana 

ND 

t 

ND 

32 

pachycarpa 

ND 

t 

ND 

45 

stenophylla 

ND 

t 

ND 

60 

molis 

ND 

t 

ND 

ND 

griffithii 

ND 

ND 

P 

79 

moorcroftiana 

ND 

ND 

65 

38 

affinis 

ND 

ND 

71 

ND 

alopecuroides 

ND 

ND 

23 

ND 

macro  carpa 

ND 

ND 

99 

ND 

tomentosa 

ND 

ND 

284 

ND 

japonica 

ND 

ND 

ND 

62 

reticulata 

ND 

ND 

ND 

47 

longipesman 

ND 

ND 

ND 

ND 

massafeurana 

ND 

ND 

ND 

ND 

^Values  represent /i  m/g  of  seeds. 

ND  =  not  detectable. 

^t  =  trace  (less  than  10  /tm/g  of  seeds), 
p  =  present  -  detected  only  by  paper  chromatography. 

DISCUSSION 


Pipecolic  acid,  4-hydroxy pipecolic  acid,  7-glutamyltyrosine  have  been  found 
in  legume  seeds  (Bell,  1971;  and  Steward  and  Durzan,  1965).  Hence,  it  is  reasonable 
to  find  these  compounds  in  Sophora  species  ofjhe  family,  Leguminosae.  The 
uneven  distribution  of  these  ninhydrin-reacting  compounds  indicated  that  the 
genus  Sophora  had  evolved  along  independent  lines  and  that  a  chemotaxonomic 
classification  could  be  suggested. 

The  use  of  uncommon  amino  acids  as  phylogenetic  “markers”  in  this  sense  is 
to  employ  them  as  if  they  were  isolated  morphological  characteristics.  Such  use 


252 


THE  TEXAS  JOURNAL  OF  SCIENCE 


-  GGT 


+  GGT 


GGT 


-  4-OH-pip 

4 


+  pip  4 


+  GGT 


+  4-OH-pip 


r- 

GABA 
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massafeurana 

+ 

GABA 

japonica 
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tomentosa 

r 

GABA 

af finis 

alopecuroides 

4 

macrocarpa 

+ 

GABA 

griffithii 

moorcreuftiana 

GABA 

molis 

leachiana 

+ 

GABA 

nu  tteliana 

pachycarpa 

stenophylla 

r 

GABA 

angustifolia 

< 

chrysophylla 

micro  phylla 

+ 

GABA 

tetraptera 

■- 

GABA 

formosa 

+ 

GGT 

secundiflora 

+ 
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arizonica 

+ 

GGT 

gypsophylla 

Figure  1.  Proposed  chemotaxonomic  classification  of  23  species  of  the  genus  Sophora 
according  to  their  uncommon  amino  compounds.  Abbreviations  are  given  in 
Table  1,  GABA  =  7-amino -n -butyric  acid,  GGT  =  7-glutamyltyrosine. 

may  provide  valuable  information;  but  the  full  potential  of  the  use  of  uncommon 
amino  acids  in  comparative  studies  will  only  be  realized  when  their  metabolic 
pathways,  and  the  biochemical  relationships  which  exist  between  them,  have 
been  elucidated.  Each  uncommon  amino  acid  carries  with  it  some  record  of  its 
own  evolution  in  the  form  of  its  biosynthetic  pathway  and  of  the  enzymes  which 
control  the  pathway.  By  tracing  biosynthetic  pathways,  relationships  such  as 
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those  between  7-glut amyl-j3-cyanoalanine-  and  asparagine-accumulating  species 
of  Vida  and  the  homoarginine-  and  lathy rine -accumulating  species  of  Lathyms 
have  already  been  established  (Bell,  1971).  Similar  studies  concerned  not  only 
with  the  distribution  and  biosynthesis  but  also  with  the  subsequent  metabolism 
of  uncommon  amino  acids  in  these  and  other  genera  should  increase  our  know¬ 
ledge  about  the  biochemistry  and  physiology  of  the  Leguminosae.  It  is  possible 
that  the  chemical  analysis  confirms  the  present  classification  based  on  morpho¬ 
logical  concepts.  Accordingly,  an  Adensonian  or  morphological  concept  of 
taxonomy  can  be  employed  to  establish  a  single  phylogenetic  tree  representing 
the  genus.  Using  the  uncommon  amino  acid  content  as  a  basis  for  classification, 
however,  contributes  to  the  refinement  of  the  morphological  system  by  sub¬ 
dividing  the  genera  into  subgenera.  Since  the  genus  is  quite  heterogeneous,  more 
data  about  alkaloids,  phenolic  compounds,  flavonoids,  lipids,  etc.,  are  needed. 
To  make  further  refinements  in  the  present  classification  scheme,  and  to  trace 
the  evolution  of  the  genus  Sophora,  it  would  also  be  helpful  to  supplement  the 
information  of  seed  composition  with  information  on  the  presence  or  absence  of 
enzymes  involved  in  the  putative  pathways.  For  example,  it  would  be  good  to 
demonstrate  some  of  the  enzymes  involved  in  pipecolic  acid  synthesis  and  pipe- 
colic  acid  hydroxylase  in  the  appropriate  species  and  their  absence  in  other  species. 

It  is  surprising  that  7-aminobutyric  acid  appears  to  be  a  chemotaxonomic 
marker  because  it  is  a  widespread  constituent  of  higher  plants  (Steward  and 
Durzan,  1965)  and  because  it  is  markedly  increased  under  anaerobic  conditions 
(Streeter  and  Thompson,  1972).  Perhaps  the  absence  of  7-aminobutyric  acid  in 
some  species  reflects  an  inability  to  transfer  this  compound  into  the  seed  rather 
than  its  absence  in  vegetative  parts. 
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ABSTRACT 


From  June  1  to  June  4,  1977,  large  aggregations  of  elasmobranchs  were  observed  along 
Gulf  of  Mexico  beaches  in  the  vicinity  of  Padre  and  Mustang  Islands,  Texas.  Estimates 
indicate  as  many  as  2,000  sharks  concentrated  in  a  24  km  stretch  of  the  Gulf  surf  zone. 
Twelve  species  of  shark  (1  odontaspid,  7  carcharhinids,  and  4  sphyrnids),  2  dasyatid  rays, 
2  myUobatid  rays  and  1  mobulid  ray  were  identified.  Climatological  conditions  produced 
unusually  transparent  water  allowing  observation  of  the  aggregation.  Resulting  hydrological 
conditions  favored  concentration  of  prey  species  in  the  shallow  surf  zone.  Feeding  was  ob¬ 
served,  evidence  of  recent  birth  recorded,  and  mating  behavior  indicated  in  several  species 
of  elasmobranch.  All  of  the  species  identified  have  been  previously  reported  to  occur  in 
the  Gulf  of  Mexico. 

INTRODUCTION 

During  the  period  of  June  1  through  June  4,  1977,  large  numbers  of  elasmo¬ 
branchs  were  observed  aggregating  in  the  surf  zone  of  the  Gulf  of  Mexico  near 
Mustang  and  Padre  Islands,  Texas  (between  approximately  28°  39'N,  97°  lOV 
and  27°  13^N,  97°  20^W).  Fig.  1  indicates  the  approximate  areas  of  concentration. 
The  phenomenon  was  first  observed  by  a  U.S.  Coast  Guard  helicopter  making 
routine  flights  over  the  area  on  the  morning  of  June  1,  1977.  Initial  estimates 
indicated  that  some  1000  sharks  were  present  in  the  area.  Subsequent  flights  on 
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Figure  1.  Map  of  nearshore  Gulf  of  Mexico  where  elasmobranch  aggregations  were  ob¬ 
served  during  June  1-4,  1977.  Cross-hatched  area  A  indicates  zone  of  intense 
concentration,  cross-hatched  area  B  zone  of  moderate  concentration. 
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the  2nd  and  3rd  of  June  increased  the  estimates  of  total  numbers  to  over  2000 
individuals.  In  addition  to  the  sharks  first  reported,  large  aggregations  of  rays 
and  individual  large  rays  were  observed  in  the  area  of  the  shark  concentration. 

Previous  reports  of  such  aggregations  in  the  nearshore  waters  of  the  Gulf  of 
Mexico  are  not  numerous.  Baughman  (1942)  reported  large  schools  of  Carcharhinus 
natator.  Meek  and  Hildebrand  (=  C  limbatus  Valenciennes)  off  Galveston  Island, 
Texas  during  June  1940  and  another  such  aggregation  in  mid-May  1941.  Clark 
(1963)  reported  a  school  of  cownosed  rays  (Rhinoptera  bonasus)  containing 
as  many  as  6000  individuals  near  Big  Pass,  Sarasota,  Florida  in  July  1959.  In 
the  same  paper,  an  aggregation  of  700  bonnethead  sharks  {Sphyrna  r/Z?wro)  was 
described  from  near  Lido  Key,  Florida  in  November  1962.  Wang  and  Raney 
(1971)  observed  massive  aggregations  of  R.  bonasus  at  Gasparilla  Pass,  Florida  in 
October  1968,  estimated  to  contain  500  individuals  in  a  50  m^  area.  Such 
occurrences  have  not  been  previously  documented  for  the  area  of  the  Gulf  of 
Mexico  considered  in  this  report. 

GENERAL  OBSERVATIONS 

Weather  and  hydrological  conditions  within  the  area  of  the  aggregation  were 
ideal  for  aerial  observations  which  were  made  from  altitudes  of  30  to  152  m. 
Both  light  fixed-wing  aircraft  and  helicopters  were  utilized  for  4  observational 
flights.  Water  in  the  area  was  generally  very  clear,  with  a  calm  surface  and  no 
breakers  except  right  on  the  beach.  Breakers  increased  as  the  afternoon  approached, 
but  were  still  insignificant  compared  to  the  normal  wave  heights  (0.66  to  1 .00  m) 
at  this  beach.  Winds  were  light  and  produced  few  ripples  on  the  offshore  surface. 
Water  and  air  temperatures  (26-27  C  and  22-31  C  respectively)  were  warm  and 
salinities  were  near  seawater  levels  (33  to  34  ppt.)  during  the  4  day  period. 

On  June  2  a  general  pattern  of  distribution  and  behavior  was  observed  that 
would  persist  for  the  next  2  days.  In  the  early  morning  hours  (0830-1030  hr) 
elosmobranchs  were  abundant  on  the  surface  in  the  nearshore  waters  of  the  Gulf 
from  Nueces  County  Park,  south  to  just  beyond  Malaquite  Beach  (Fig.  1).  They 
were  less  abundant  in  the  area  north  to  Corpus  Christi  Pass  and  south  to  Yarborough 
Pass.  As  the  day  progressed  the  elasmobranchs  tended  to  move  farther  offshore 
into  deeper  water  and  were  not  observed  as  often  at  the  surface.  By  late  afternoon 
(1400  to  1600  hr)  few  sharks  or  rays  remained  in  the  nearshore  waters.  No 
flights  were  made  after  1600  hr. 

In  general  the  early  flights  showed  large  Sphyrna  sp.  to  be  scattered  as  isolated 
individuals  in  the  surface  waters  from  200  to  400  m  offshore.  S.  tiburo  were 
abundant  on  the  2nd  and  3rd  sand  bars  some  50  to75  m  from  shore.  Carcharhinid 
sharks  were  concentrated  from  a  few  meters  out  to  200  m  from  the  beach,  with 
greatest  concentration  in  the  surf  zone  between  the  1st  and  3rd  sand  bars. 

Other  elasmobranchs  were  easily  observed  from  the  air.  Large  schools  of  rays 
identified  from  photographs  Rhinoptera  bonasus,  contained  as  many  as  several 
hundred  individuals  observed  on  each  flight  during  the  3-day  occurrence.  There 
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may  have  been  schools  of  Aetobatus  mrinari  present,  but  these  could  not  be 
positively  identified  from  photographs,  although  an  individual  of  the  species  was 
caught  by  an  angler.  These  myliobatid  rays  were  usually  found  in  the  surf  zone 
and  would  head  offshore  as  the  aircraft  approached.  Up  to  15  manta  rays  {Manta 
birostris)  were  observed  from  just  outside  the  surf  zone  to  100  m  offshore 
cruising  individually  parallel  to  the  shoreline. 

Elasmobranchs  which  were  not  identifiable  from  the  air  or  from  several  hundred 
photographs  were  identified  from  specimens  captured  by  fishermen  along  the 
beach  or  from  the  public  pier  located  in  the  Nueces  County  Park  (Fig.  1).  Specimens 
not  inspected  by  the  authors  were  identified  by  a  naturalist  with  the  National 
Park  Service.  It  was  difficult  to  obtain  information,  other  than  identification, 
as  some  fishermen  did  not  want  their  sharks  investigated. 

PREY  SPECIES  OCCURRENCE 

In  addition  to  the  elasmobranchs  present  in  the  nearshore  waters,  numbers  of 
teleost  fish  and  shellfish  were  available  as  a  food  source.  Large  schools  of  fish 
were  observed  from  the  air.  Many  of  these  were  carangids,  which  were  often  seen 
in  schools  described  as  mills  by  Breder  (1965).  These  rotating  mills  were  being 
attacked  by  1  or  more  sharks.  Other  schools  observed  in  heavy  concentrations 
were  mullet  {Mugil  sp.).  Teleosts  captured  from  the  aggregation  site  include 
Micropogon  undulatus,  Lagodon  rhomboides,  Mugil  cephalus,  Caranx  hippos, 
and  Scomberomorus  cavalla. 

Shellfish  present  in  unusually  high  concentrations  included  penaeid  shrimp 
and  crabs.  Although  the  presence  of  shellfish  at  this  time  of  the  year  in  the  surf 
zone  is  not  unusual  (Copeland,  1965),  high  concentrations  may  have  resulted 
from  a  combination  of  factors.  The  full  moon  on  June  1  during  the  aggregation 
period  produced  strong  outflowing  tides  which  aid  shellfish  in  their  annual 
emigration  from  the  bay  nursery  grounds  of  the  area.  Bay  shrimping  is  closed 
during  this  period  by  the  Texas  Parks  and  Wildlife  Department  to  aUow  these 
post-juveniles  to  emigrate  to  the  open  Gulf  and  prevent  over  exploitation  of  the 
stocks.  Normally  the  moderate  southeasterly  winds  produce  long-shore  currents 
that  mix  nearshore  waters  with  those  of  the  open  Gulf,  but  calm  conditions 
reduced  currents  so  that  shellfish  remained  concentrated  in  nearshore  waters 
for  longer  periods.  The  high  concentration  of  commercial  shrimp  boats  trawling 
in  the  area  of  the  elasmob ranch  aggregation  gave  some  indication  of  the  large 
concentrations  of  shrimp. 

Of  the  sharks  inspected  for  stomach  content,  only  one  {S.  lewini  50.6  cm 
total  length.  Table  1)  contained  anything  other  than  crabs  and/or  shrimp.  This 
specimen  had  eaten  a  Lagodon  rhomboides  6.1  cm  in  standard  length.  Sharks 
with  prevalent  umbilical  scars  had  nothing  other  than  the  bait  used  to  capture 
them  in  their  stomachs.  Specimens  without  prevalent  embryonic  scars  had  eaten 
only  crabs  and/or  shrimp.  Only  one  “mature”  shark  was  caught  from  the  beach 
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area.  Attempts  by  personnel  from  the  University  of  Texas  Port  Aransas  Laboratory 
to  collect  additional  specimen,  by  hook  and  line,  from  a  boat  located  just  outside 
of  the  surf  zone,  produced  no  sharks  even  though  the  boat  was  positioned  within 
the  area  of  heaviest  shark  concentrations. 

TABLE  1 


Species  of  Shark  and  Ray  Identified  from  the  Nearshore  Waters  of  Mustang  and  Padre 
Islands,  Texas,  June  1977.  Identification  of  specimens  by  authors  except  where  noted. 
No  additional  data  aquired  on  specimens  without  measurements  and  sex  determinations. 


Species 

Common  Name 

Sex 

Total 

Length  (cm) 

Girth 

(cm) 

Odon  taspis  taunts  ^ 

Sand  Tiger 

Galeocerdo  cuvieri^ 

Tiger  Shark 

Negaprion  brevirostris^ 

Lemon  Shark 

Aprionodon  isodon 

Finetooth  Shark 

m 

62.6 

28.0 

A.  isodon 

Finetooth  Shark 

m 

100.2 

31.2 

A.  isodon 

Finetooth  Shark 

f 

60.6 

19.8 

*Rhizoprionodon  terraenovae 

Atlantic  Sharpnose 

m 

30.8 

10.8 

Carcharhinus  porosus 

Smalltail  Shark 

C.  leucus 

Bull  Shark 

*C.  limbatus 

Black  tip  Shark 

f 

30.2 

11.1 

*C.  limbatus 

Blacktip  Shark 

m 

29.9 

11.0 

*C  limbatus 

Black  tip  Shark 

m 

57.2 

27.2 

C.  limbatus 

Blacktip  Shark 

m 

96.1 

28.2 

Sphyma  tiburo 

Bonnethead  Shark 

m 

52.2 

16.1 

5.  tiburo 

Bonnethead  Shark 

f 

58.6 

17.4 

S.  tiburo 

Bonnethead  Shark 

m 

58.1 

18.4 

*S.  lewini 

Scalloped  Hammerhead 

f 

50.6 

14.7 

*S.  lewini 

Scalloped  Hammerhead 

m 

48,4 

19.1 

*S.  lewini 

Scalloped  Hammerhead 

m 

47.6 

17.8 

S.  tudes 

Smalleye  Hammerhead 

f 

96.0 

28.6 

S.  mokarran^ 

Great  Hammerhead 

Rhinoptera  bonasus 

Cownose  Ray 

Aetobatus  narinari 

Spotted  Eagle  Ray 

Manta  birostris^ 

Atlantic  Manta 

Dasyatis  sabina 

Atlantic  Stingray 

Dasyatis  americana 

Southern  Stingray 

*  Umbilical  scar  prevalent. 

^Identified  by  Naturalist  from  National  Park  Service 
^Identified  from  air  and/or  photographs 


ELASMOBRANCH  OCCURRENCE 

Table  1  lists  elasmobranchs  identified  from  the  area  of  aggregation  including 
measurements  and  sex  determination  where  available.  The  following  discussion 
will  attempt  to  review  pertinent  data  on  the  occurrence  and  habits  of  the  identified 
elasmobranchs  in  Texas  waters. 
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Odotaspis  taurus  (Sand  tiger  shark) 

Hoese  and  Moore  (1977)  report  that  O.  taurus  is  a  common  Gulf  species, 
which  Bigelow  and  Schroeder  (1948)  indicate  lives  in  coastal  waters  of  1  to  2  m 
depth.  Springer  (1948)  reported  an  adult  specimen  from  Louisiana  coastal  waters 
that  carried  embryos  in  July. 

Galeocerdo  cuvieri  (Tiger  shark) 

G.  cuvieri  is  a  common  year  round  resident  of  the  Gulf  of  Mexico  (Clark  and 
Van  Schmidt,  1965).  Baughman  and  Springer,  (1950)  indicate  that  it  is  one  of 
the  most  common  Texas  coastal  sharks  and  has  a  spring  breeding  season. 

Negaprion  brevirostris  (Lemon  shark) 

Springer  (1950)  described  N.  brevirostris  as  a  shallow  water  species,  that 
occasionally  enters  the  bays.  Texas  lemon  sharks  give  birth  from  May  (Baughman 
and  Springer,  1950)  to  summer  (Hoese  and  Moore,  1977).  Bigelow  and  Schroeder 
(1948)  report  that  they  in  general  breed  in  spring  and  summer. 

Aprionodon  isodon  (Finetooth  shark) 

Young  A.  isodon  are  common  in  the  Gulf  surf  zones,  except  in  winter  (Hoese 
and  Moore,  1977).  Adults  appear  to  be  restricted  to  the  inshore  shelf. 

Rhizoprionodon  terraenovae  (Atlantic  sharpnose  shark) 

R.  terraenovae  occurs  commonly  near  the  Gulf  surf  zone  (Baughman  and 
Springer,  1950;  Hoese  and  Moore,  1977)  and  is  known  to  enter  enclosed  bays 
and  saltier  estuaries  in  summer  months  (Gunter,  1942;  Hoese  and  Moore,  1977). 
Late  spring  through  summer  pupping  is  reported  for  the  northern  part  of  their 
range  (Baughman  and  Springer,  1950).  New  bom  have  been  captured  in  Mississippi 
sounds  during  August  (Springer,  1938). 

Carcharhinus  porosus  (Smalltail  shark) 

Baughman  (1943)  first  described  this  species  in  Texas  waters  from  a  specimen 
captured  near  Galveston.  Baughman  and  Springer  (1950)  reported  several  other 
specimens  captured  in  Texas,  but  indicate  that  little  is  known  about  the  shark. 

Carcharhinus  leucas  (Bull  shark) 

This  is  the  most  numerous  carcharinid  (Baughman  and  Springer,  1950)  and 
one  of  the  largest  sharks  of  the  Texas  coast.  They  commonly  occur  in  low- 
salinity  estuaries  (Hoese  and  Moore,  1977)  where  they  often  give  birth  (Springer, 
1963).  A  late  winter-early  spring  pupping  season  is  indicated  by  Baughman  and 
Springer  (1950). 

Carcharhinus  limbatus  (Blacktip  shark) 

C.  limbatus  is  common  in  the  northern  Gulf  of  Mexico  ranging  from  nearshore 
to  offshore  (Baughman  and  Springer,  1950)  and  has  been  reported  from  the  surf 
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along  Mustang  Island ,  Texas  (Hildebrand,  1954).  Aggregations  have  been  reported 
from  the  Texas  coast  (Baughman,  1942).  Birth  is  reported  from  April  to  early 
June  by  Clarke  and  von  Schmidt  (1965). 

Sphyrna  tiburo  (Bonnethead  shark) 

S.  tiburo  is  a  shallow  water  species  (<5  fathoms)  that  often  invades  bays  and 
estuaries  (Hoese  and  Moore,  1977).  Hoese  and  Moore  (1958)  collected  bonnet- 
heads  from  May  to  October  in  Aransas  Bay  and  indicate  a  possible  southward 
movement  along  shore  in  winter,  but  present  no  data  to  support  this  idea.  Massive 
aggregations  of  S.  tiburo  have  been  reported  in  Florida  (Clark,  1963).  Gunter 
(1945)  reports  a  summer  to  early  fall  pupping  season  in  Texas. 

Sphyrna  lewini  (Scalloped  hammerhead  shark) 

Hoese  and  Moore  (1977)  report  S.  lewini  as  the  common  hammerhead  shark 
of  the  Gulf  of  Mexico.  They  range  from  offshore  to  inshore  and  even  into  brack¬ 
ish  water  (Gilbert,  1967).  Hoese  (1965)  observed  S.  lewini  in  June  and  July, 
indicating  that  they  were  not  commonly  seen  on  the  beach,  but  were  captured 
and  observed  on  the  piers  and  jetties  in  the  Port  Aransas,  Texas  area.  This  may 
be  the  case  for  adults;  however  the  juveniles  apparently  do  enter  the  surf  zone  as 
evidenced  by  the  specimens  captured  during  the  aggregation.  Springer  (1938, 
1940a  and  1940b)  indicated  that  young  and  immature  specimens  are  common 
in  spring  and  fall,  while  adult  and  subadult  males  are  common  during  the  winter 
in  Florida, 

Sphyrna  tudes  (Smalleye  hammerhead  shark) 

Bigelow  and  Schroeder  (1948)  stated  that  little  is  known  of  the  habits  of  this 
species.  Gilbert  (1961)  reported  8  large,  juvenile  specimens  collected  in  the 
northern  Gulf  of  Mexico  off  the  coast  of  Mississippi.  It  might  be  expected  else¬ 
where  in  the  Gulf  (Hoese  and  Moore,  1977). 

Sphyrna  mokarran  (Great  hammerhead  shark) 

This  is  the  largest  species  of  hammerhead  (Hoese  and  Moore,  1977).  Size 
formed  the  basis  for  identification  of  several  hammerheads  ca.  3.7  to  4.6  m  in 
length,  much  larger  than  any  of  the  other  sphymids  attain.  Clark  and  von 
Schmidt  (1965)  estimate  that  S.  morkarran  gives  birth  from  late  spring  to  early 
summer. 

Rhinoptera  bonasus  (Cownose  ray) 

McFarland  (1963)  and  Compton  and  Bradley  (1964)  report  R.  bonasus  as  a 
summer  resident  of  the  surf  zone  in  the  area  of  the  aggregation.  Large  aggregations 
have  been  reported  from  Florida  (Springer  and  Woodburn,  1960;  Wang  and 
Raney,  1971 ;  Clark,  1963).  Hoese  and  Moore  (1977)  state  that  large  aggregations 
of  these  rays  are  found  in  the  saltier  bays  and  on  the  inshore  shelf  of  the  Gulf  in 
summer. 
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There  were  large  groups  of  R.  bonasus  (estimates  of  200  to  400  individuals) 
present  on  each  day  during  the  aggregation,  from  within  the  surf  zone  to  some 
100  m  offshore.  Identification  was  made  on  the  basis  of  photographs  which 
showed  the  rather  blunt  heads  characteristic  of  the  species. 

Aetobatus  narinari  (Spotted  eagle  ray) 

Large  aggregations  of  A.  narinari  have  been  reported  from  Aransas  Bay,  Texas 
by  Baughman  (1950).  Hoese  (1958)  indicates  that  it  is  a  common  species  in  the 
Gulf.  Hoese  and  Moore  (1977)  state  that  individuals  occur  sporadically  on  the 
Gulf  shelf  during  warmer  months.  Only  one  specimen  was  identified  from  the 
aggregation  area  and  was  captured  by  hook-and-line.  No  large  groups  of  the 
species  were  identified. 

Manta  birostris  (Atlantic  manta) 

M.  birostris  is  not  uncommon  in  Texas  Waters  (Baughman  and  Springer,  1950; 
Hoese,  1958).  Hoese  and  Moore  (1977)  state  that  the  large  rays  often  aggregate 
and  may  be  seen  almost  anywhere  and  have  even  been  observed  in  Corpus  Christi 
Bay,  Texas.  The  mantas  observed  here  were  not  aggregated,  but  cruising  parallel 
to  the  shoreline  at  the  surface. 

Dasyatis  sabina  (Atlantic  stingray) 

The  Atlantic  stingray  is  common  in  the  bays  and  inshore  waters  of  Texas 
(Hoese,  1958)  and  is  listed  as  a  spring-summer  resident  of  the  surf-zone  on  Mustang 
Island  by  McFarland  (1 963).  A  long  breeding  season  is  indicated  for  the  species  with 
birth  probably  occurring  throughout  the  spring,  summer  and  fall  (Gunter,  1945). 

Dasyatis  americana  (Sout(iem  stingray) 

Hoese  (1958)  found  D.  americana  to  be  common  in  the  shallow  Gulf.  McFarland 
(1963)  reported  it  as  occurring  in  the  surf  zone  during  summer  months.  It  is  an 
inshore  species  over  most  of  its  range, being  reported  from  saltier  bays  to  the  edges 
of  offshore  reefs  in  the  northern  Gulf  of  Mexico  (Hoese  and  Moore,  1977). 

DISCUSSION  AND  CONCLUSIONS 

Relatively  few  of  the  observed  species  were  identifiable  from  the  air,  so  that 
attempts  at  quantifying  relative  abundance  of  individual  species  was  not  feasible. 
However,  some  general  observations  may  be  useful.  Among  sharks  observed, 
S.  tiburo  was  by  far  the  most  prevalent,  followed  by  the  caracharhinid  forms  in 
general,  with  the  remaining  sphyrnids  being  the  least  abundant.  R.  bonasus  were 
the  most  numerous  of  the  rays  observed,  and  although  aerial  observations  did 
not  confirm  schools  of  eagle  rays,  it  is  suspected  that  they  were  present  in  greater 
numbers  than  M.  birostris.  No  estimate  was  possible  for  the  bottom  dwelling 
dasyatid  rays. 
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The  exact  reason  for  the  observed  elasmobranch  aggregation  is  difficult  to 
ascertain,  but  reproduction,  feeding  and  migration  are  here  considered.  Several 
of  the  species  of  shark  had  recently  given  birth  and  June  is  known  to  be  the  mating 
season  for  some.  Food  was  abundant.  There  appears  to  be  no  data  on  migratory 
patterns  of  elasmobranchs  for  the  western  Gulf  of  Mexico.  All  species  identified 
have  been  previously  recorded  in  the  Gulf,  although  not  in  a  large  mixed  species 
aggregation . 

Of  the  13  species  of  shark  identified,  3  captured  (R.  termenovae,  S.  lewini 
and  C.  limbatus)  were  of  recent  birth  retaining  the  umbilical  scar  and  empty 
stomach.  The  remainder  of  the  specimens  were  all  juveniles,  the  largest  being  a 
specimen  of  A.  isodon  100.2  cm  total  length.  Adult  sharks  were  observed  in  the 
area  in  great  numbers,  but  only  1  was  captured.  This  adult  female  (C.  limbatus) 
carried  prenatal  embryos.  Springer  (1963)  indicates  that  post-gravid  female 
sharks  do  not  feed  in  the  nursery  grounds  of  their  own  species,  and  therefore 
do  not  eat  their  own  young.  In  addition ,  male  sharks  do  not  feed  during  courtship 
(Springer,  1963).  It  is  suggested  that  both  mating  and  birth  were  occurring  during 
this  aggregation. 

There  is  some  evidence  of  migratory  behavior  for  shark  species  present  during 
this  aggregation  in  reports  from  southern  and  eastern  Florida.  Springer  (1963) 
indicates  that  the  bull  shark  (C.  leucas)  population  is  migratory  in  the  Gulf  of 
Mexico.  Blacktip  (C.  limbatus)  and  tiger  shark  (G.  cuvieri)  are  migratory  in  south¬ 
ern  Florida  (Springer,  1963).  Undoubtedly  some  of  the  elasmobranch  species 
observed  during  the  aggregation  are  resident  species.  Others  will  likely  be  found 
to  be  migrants  as  additional  data  are  acquired. 

Daily  patterns  of  elasmobranch  behavior  observed  during  the  aggregation  may 
be  explained  by  physical  and  biological  factors.  Bright  sunshine,  clear  waters  and 
lack  of  mixing  can  result  in  high  surf  zone  temperatures  and  a  lower  oxygen¬ 
carrying  capacity.  High  daytime  productivity  was  confirmed  by  the  presence  of 
Trichodesmium  blooms  within  the  surf  zone.  Calm  seas,  clear  skies,  gentle  breezes, 
and  strong  sunshine  typical  on  the  days  of  aggregation  are  environmental  features 
common  to  such  bloom  incidences  (Qasim,  1970,  1972;  Fogg,  1973;  Wyatt 
and  Harwood,  1973).  These  blooms  are  apparently  not  directly  toxic  to  fish 
(Ramamurthy,  1970).  Fish  may  avoid  gill  clogging  problems  by  swimming  out  of 
bloom  areas.  The  blooms  observed  had  a  brownish -gray  appearance  and  a  strong 
chlorine -like  smell  typical  of  Trichodesmium  sp.  (Chacko,  1950).  Such  blooms 
always  occur  at  the  surface  and  when  there  is  an  intense  bloom,  the  mat-like 
covering  on  the  surface  tends  to  reduce  light  penetration  to  sub -surface  levels 
(Jayaraman,  1972). 

There  is  little  data  on  upper  limits  of  temperature  tolerance  by  sharks  (Springer, 
1963).  They  may  be  influenced  to  leave  the  shallows  during  hot,  still  weather 
(Springer,  1963).  Clark  and  von  Schmidt  (1965)  indicate  temperature  as  a  factor 
in  the  onset  of  mating  and  regulation  of  gestation  periods  for  several  sharks 
reported  herein.  Increasing  daytime  temperatures,  lower  oxygen -carrying  capacity 
of  warm  waters,  the  presence  of  algal  blooms,  Hght  intensity  preferences,  prey 
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behavioral  patterns,  and  the  tendency  of  elasmobranchs  toward  increased  activity 
in  warm  water,  may  be  critical  factors  in  the  observed  daily  behavioral  patterns 
of  sharks  and  rays  during  the  June  aggregation  in  the  near  shore  Gulf  of  Mexico. 
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SUPERNUMERARY  MOLARS  IN  BABOONS  (PAPIO  CYNOCEPHALUS 
ANUBIS) 
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ABSTRACT 


Rare  supernumerary  molars  in  a  young  adult  male  baboon  are  described.  The  maxillary 
molar  crown  resembles  M^,  while  the  mandibular  tooth  has  a  highly  aberrant  shape.  Influ¬ 
enced  by  these  molars,  the  palate  is  narrowed  posteriorly  and  unusually  long,  likely  affecting 
craniofacial  development  and  masticatory  biomechanics. 

INTRODUCTION 

Dental  development  significantly  influences  and  contributes  to  craniofacial 
morphogenesis  (Krogman,  1951;  Enlow,  1968;  Moyers  and  Krogman,  1971; 
Bjork  and  Skieller,  1972;  Moore  and  Lavelle,  1974),  and  represents  a  major 
determinant  of  orofacial  functional  parameters.  For  example,  formation  and 
eruption  of  the  cheek  teeth  have  been  implicated  in  the  development  of  robust 
supraorbital  ridges  in  extant  and  extinct  primates  (Oyen,  1977;Oyen,^f  al.,  1979; 
also  unpublished  data).  There  are  reports  of  extra  teeth  in  primates  (Middleton- 
Shaw,  1927;  Colyer,  1936;  Bramblett,  1967),  but  they  are  described  solely  as 
morphological  curiosities,  without  consideration  of  their  influence  on  orofacial 
growth  and  function  of  the  animal.  We  believe  identification  and  evaluation  of 
specimens  with  supernumerary  dentition  may  afford  structural  and  functional 
information  not  readily  demonstrable  or  even  present  in  skulls  with  a  normal 
dental  pattern.  Following  is  a  brief  description  and  analysis  of  a  hyperdontic 
olive  baboon  skull. 

RESULTS 

During  study  of  a  large  collection  of  baboon  (Papio  cynocephalus  anubis)  skulls 
(Oyen,  1974),  a  young  adult  male  specimen  (#691-24)  with  rare  supernumerary 

^Present  address:  New  England  College  of  Optometry,  424  Beacon  Street,  Boston,  MA  02115. 
2 

Present  address:  Case  Western  Reserve  University,  School  of  Dentistry,  Department  of  Oral 
Biology,  2123  Albington  Road,  Cleveland,  OH  44106. 

Accepted  for  publication:  March  8,  1979. 
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molars  was  encountered.  On  the  basis  of  dental  wear  patterns  (Bramblett,  1969), 
the  baboon  was  about  9  yr  of  age  at  the  time  of  capture.  The  animal  was  1  of 
approximately  100  caught  by  the  Southwest  Foundation  for  Research  and  Edu¬ 
cation  (San  Antonio,  Texas)  in  the  Aberdares  Mountains  region  of  Kenya  in  1968. 

The  “extra”  maxillary  molars  of  this  specimen  were  compared  with  its  other 
permanent  cheek  teeth,  dentition  from  other  skulls  collected  at  the  same  time, 
and  standardized  descriptions  of  molars  in  Pap /o  (Swindler,  et  al,  1965).  In  terms 
of  crown  configuration,  the  4th  upper  molars  are  approximately  quadrilateral; 
they  are  bilophodont;  the  mesiobuccal  cusp  is  the  largest;  and  a  mesiobuccal 
cusplet  can  be  identified  (Figs.  1 , 3).  The  latter  feature  is  apparently  characteristic 
of  Papio  anubis  and  was  also  observed  in  fossil  and  extant  Cercopithecoidea 
(Freedman,  1957;  Maier,  1977).  Crown  dimensions  are:  mesiodistal,  11.6  mm; 
trigonid  breadth,  10.0  mm;  and  talonid  breadth,  9.0  mm.  There  are,  therefore, 
no  unusual  or  unique  distinguishing  characteristics  attributable  to  the  crowns  of 
these  4th  upper  molars,  which  most  closely  resemble  2nd  molars  (Swindler,  et  al , 
1965). 

Unlike  the  fully  formed  maxillary  dentition,  a  single  supernumerary  tooth 
with  an  extraordinary  crown  configuration  is  visible  in  the  right  mandible  (Fig.  2). 
Because  of  its  unusual  shape  (Fig.  4),  the  mandibular  tooth  qualifies  as  a  4th 
permanent  molar  only  on  the  basis  of  its  placement  in  the  right  mandibular 
tooth  row  posterior  to  the  3rd  molar.  Judging  from  the  irregular  shape  of  the 
crown,  it  is  evident  that  the  mesiolingual  cusp,  although  not  fully  formed,  has 
undergone  considerable  calcification;  the  distoHngual  cusp  has  undergone  some¬ 
what  less  calcification ;  and  neither  of  the  buccal  cusps  has  calcified.  The  mesiodistal 
length  of  this  molar  is  9.0  mm,  and  its  bucco-lingual  breadth  is  7.9  mm.  A  distinct 
wear  facet  is  visible  on  the  mesiolingual  cusp,  with  a  corresponding  facet  distin¬ 
guishable  on  the  mesiolingual  cusp  of  the  upper  right  4th  molar. 

An  analysis  of  palate  form  in  baboons  (manuscript  in  preparation)  indicates 
that  the  narrowest  width  of  the  palate  posterior  to  the  premolars  tends  to  be  the 
distance  between  the  contralateral  3rd  molars.  As  seen  in  Fig.  1,  however,  the 
extra  molars  have  undergone  considerable  posterior  convergence,  and  minimal 
palatal  breadth  (25  mm)  in  this  animal  is  found  between  the  medioposterior  walls 
of  the  distolingual  cusps  of  the  4th  molars.  An  even  more  extreme  example  of 
this  convergence  is  reported  by  Jane  E.  Phillips-Conroy  (personal  communication) 
in  which  the  distolingual  cusp  of  the  4th  mandibular  molar  of  diPapio  anubis  from 
the  Awash  Park  in  Ethiopia  almost  reaches  the  oral  midline.  While  the  palate  has 
undergone  posterior  constriction,  palatal  length  (96  mm,  measured  between 
staphylion  and  orale)  in  this  specimen  was  the  largest  encountered  in  the  entire 
collection  even  though  #691-24  was  not  the  largest  adult  skull  in  general  dimen¬ 
sions.  Comparable  measurements  of  the  mandible  are  not  available  at  this  time. 

DISCUSSION 

An  unusual  dental  configuration  in  a  primate  has  been  briefly  described; 
moreover,  the  histogenesis  of  supernumerary  molars,  at  least  in  this  instance. 
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Figure  1.  The  maxillary  dentition  of  this  specimen  includes  4th  molars  which  more  closely 
resemble  M^  than  M^  in  size  and  configuration.  Note  the  narrowing  of  the 
posterior  palate  due  to  convergence  of  the  supernumerary  molars,  and  the 
extended  length  of  the  palate  as  evidenced  by  the  appearance  of  the  greater 
palatine  foramen  medial  to  M*^  (approx.  XI), 

Figure  2.  The  normal  mandibular  dentition  is  supplemented  by  a  right  4th  molar  with 
aberrant  crown  shape.  There  is  no  evidence  of  development  of  a  corresponding 
tooth  on  the  left  side  (approx.  X  1). 

Figure  3.  The  right  maxillary  supernumerary  molar  is  bilophodont  with  a  large  mesiobuccal 
cusp  and  additional  cusplet  attached  by  an  enamel  ridge  to  the  mesiolingual 
cusp  which  demonstrates  a  distinct  wear  facet  (X  5.5). 

Figure  4.  The  mandibular  4th  molar  crown  has  none  of  the  distinguishing  morphology 
of  normal  baboon  dentition.  Only  an  incompletely  developed  mesiolingual 
cusp  can  be  clearly  discerned,  surmounted  by  an  occlusal  facet  corresponding 
to  that  of  the  maxillary  M'^  (X  5 .5). 
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may  have  contributed  to  a  concomitant  elongation  of  the  palate.  Analyses  are 
underway  to  determine  more  precisely  the  influence  of  hyperdontism  on  cranio¬ 
facial  development  in  this  specimen;  particular  attention  is  being  paid  to  patterns 
of  trabecular  organization  in  the  formation  of  the  supraorbital  ridges  and  maxillary 
buttressing,  which  accurately  reflect  changes  in  the  morphological  and  functional 
status  of  the  dental  arcade. 

Given  the  potential  significance  of  hyperdontic  (and  hypodontic  or  dentally 
agenic)  specimens  within  the  spectrum  of  our  investigations  of  the  operative 
mechanisms  of  craniofacial  morphogenesis,  we  would  benefit  greatly  from 
additional  material.  Accordingly,  we  are  actively  seeking  information  about  the 
disposition  and  availability  of  hyper-  and  hypodontic  primates. 

LITERATURE  CITED 


Bjork,  A.,  and  V.  Skieller,  1972-Facial  development  and  tooth  eruption:  An  inportant 
study  at  the  age  of  puberty.  Am.  J.  Orthodont. ,  62:359. 

Bramblett,  C.  Z.,  1967— Pathology  in  the  Darajani  baboon.  Am.  J.  Phys.  Anthrop.,  26:331. 

- ■;  1969-Age  changes  in  the  Darajani  baboon.  Am.  J.  Phys.  Anthrop.,  30:161. 

Colyer,  F.,  \9'i6 -Variations  and  Diseases  of  the  Teeth  of  Animals.  Bale,  Sons  and  Danielsson, 
London,  pp.  47-48. 

Enlow,  D.  H.,  1968-7/2^  Human  Face:  An  Account  of  the  Postnatal  Growth  and  Development 
of  the  Craniofacial  Skeleton.  Harper  &  Row,  New  York,  N.Y. 

Freedman,  L.,  1957 -The  fossil  Cercopithecoidea  of  South  Africa.  Transvaal Mus.,  23:122. 

Krogman,  W.  M.,  1951 -The  problem  of  ‘timing’  in  facial  growth,  with  special  reference  to 
the  period  of  changing  dentition.  Am.  J.  Orthodont.,  37:253. 

Maier,  W.,  1977 -Die  Evolution  der  biophodonten  Molaren  der  Cercopithecoidea.  Z.  Morph. 
Anthrop.,  68:26. 

Middleton-Shaw,  J.  C.,  1927-Four  cases  of  fourth  molar  teeth  in  South  African  baboons. 
J.  Anat. ,  62:79. 

Moore,  W.  J.,  and  C.  L.  B.  Lavelle,  \91  A-Growth  of  the  Facial  Skeleton  in  the  Hominoidea. 
Academic  Press,  London. 

Moyers,  R.  E.,  and  W.  M.  Krogman  (Eds.),  1911-Craniofacial  Growth  in  Men.  Pergamon, 
Oxford. 

Oyen,  O.  J.,  1974-The  baboon  face:  A  different  study  of  growth  and  development.  Ph.D. 
Thesis,  Univ.  of  Minnesota,  Minneapolis. 

- ,  1 977 -Appositional  bone  growth  inNeanderthalensis.Am.  /.  Phys.  Anthrop. , 

47:153. 


- - ,  R.  W.  Rice,  and  M.  S.  Cannon,  1979-Browridge  structure  and  function  in 

extant  primates  aoid  Neanderthals.  Am.  J.  Phys.  Anthrop.  ,51:83. 

Swindler,  D.,  H.  A.  McCoy,  and  P.  V.  Hornbeck,  1965-The  dentition  of  the  baboon  {Papio 
anubis).  In  H.  Vagtborg  (Ed.),  The  Baboon  in  Medical  Research,  Vol  II.  Univ.  of  Texas 
Press,  Austin,  pp.  134-150. 


LIVING  MARINE  MOLLUSKS  FROM  THE  SOUTH  TEXAS  CONTI¬ 
NENTAL  SHELF' 

by  GRANVIL  D.  TREECE 

The  University  of  Texas 
Marine  Science  Institute 
Port  Aransas  Marine  Laboratory 
Port  Aransas  78373 

ABSTRACT 


A  3-yr  survey  of  the  south  Texas  continental  shelf  from  Matagorda  Island  to  Brownsville 
yielded  800  living  invertebrate  taxa  (22%  or  176  taxa  were  mollusks).  The  presence  of 
aplacophorous  mollusks  is  noteworthy  since  they  have  not  previously  been  reported  from 
the  Gulf  of  Mexico.  Range  extensions  are  noted  for  a  number  of  organisms,  a  checklist 
presented,  and  light  and  SCM  photography  of  the  rare  specimens  are  included. 

INTRODUCTION 

The  continental  shelf  of  south  Texas  supports  a  comparatively  large  inverte¬ 
brate  fauna,  but  represents  one  of  the  least  studied  marine  environments  in  United 
States  continental  waters.  Until  recently,  most  of  the  studies  on  marine  Mollusca 
from  Texas  were  based  on  intertidal  shore  collections,  with  few  deep  water 
investigations.  Early  papers  dealing  with  Texas  mollusks  have  been  listed  by 
Ode  (1974)  and  Andrews  (1977).  These  include  the  earliest  records  on  deeper 
water  mollusks  from  the  Gulf  of  Mexico  by  Dali  (1881,  1886,  and  1889  a,  b). 
Dali’s  studies  were  systematic  in  approach  and  although  bathymetric  ranges  were 
given,  they  were  often  not  correlated  with  precise  zoogeographic  species  ranges. 

One  of  the  most  detailed  studies  of  off-shore  Mollusca  from  the  Gulf  of  Mexico 
was  that  of  Rice  and  Kornicker  (1965),  off  Yucatan,  Mexico.  Treece  (1977) 
reported  mollusks  from  an  adjacent  area  off  the  northeast  continental  shelf  and 
slope  of  Yucatan.  Lyons,  (1978)  has  reported  mollusks  from  the  continental  shelf 
off  the  Florida  Gulf  coast. 

Research  personnel  of  The  University  of  Texas  Marine  Science  Institute,  Port 
Aransas  Marine  Laboratory  have  been  involved  in  ongoing  studies  of  benthic  and 
epifaunal  invertebrates  from  the  south  Texas  continental  shelf  (10  to  134  m 
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depth),  since  1975.  The  first  3  yr  of  the  study  were  limited  to  faunal  surveys. 
Taxonomic  work  to  date  has  elucidated  800  invertebrate  taxa  of  which  22%  or 
176  are  mollusks. 

SAMPLING  TECHNIQUES  AND  RESULTS 


The  study  area  is  shown  in  Fig.  1  and  the  station  coordinates  and  depths  are 
given  in  Table  1 . 

97«30'  97®00'  96®30'  96*00'  95®30 


Figure  1.  Study  area  map  of  station  locations.  Small  numbers  indicate  stations,  large 


numbers  transects.  (HR  =  Hospital  Rock;  SB  =  Southern  Bank)  See  Table  1  for 
station  coordinates. 
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TABLE  1 


Sample  Station  Location  and  Depth  Data 


Transect 

Station 

Latitude 

Longitude 

Depth  (m) 

1 

1 

TRANSECTS 

28°12'n 

96°27'w 

18 

2 

27°55'n 

96°20'W 

42 

3 

27°34'n 

96®07V 

134 

4 

28°14'n 

96^29V 

10 

5 

27''44'n 

96°14'w 

82 

6 

27°39'n 

96°12V 

100 

2 

1 

27°40'n 

96°59'W 

22 

2 

27°30'n 

96°45'w 

49 

3 

27°18'n 

96°23'W 

131 

4 

27°34'n 

96°50'W 

36 

5 

27°24'n 

96°36'w 

78 

6 

27°24'n 

96°29'W 

98 

3 

1 

26°58'n 

97°ll'w 

25 

2 

26°58'n 

96°48V 

65 

3 

26°58'n 

96°33V 

106 

4 

26°58'n 

97°20V 

15 

5 

26°58'n 

97°02'W 

40 

6 

26°58'n 

96°30'W 

125 

4 

1 

26°10'n 

97°0lV 

27 

2 

26°10'n 

96°39'w 

47 

3 

26°10'n 

96°24V 

91 

4 

26°10'n 

97°08'W 

15 

5 

26°10'n 

96°54'W 

37 

6 

26°10'n 

96°3l'w 

65 

7 

26°10'n 

96°20V 

130 

SB8-1 

southern  bank 
27°26'82" 

96°3l'30" 

80 

SB8-2 

27°26'23" 

96°3l'03" 

80 

SB8-3 

27°26'06" 

96°3l'47" 

80 

SB8-4 

27°26'l4" 

96°32'07" 

80 

HR9-1 

HOSPITAL  ROCK 
27°3/08" 

96°28'32" 

73 

HR9-2 

27°32'77" 

96°27'4l" 

73 

HR9-3 

27°32'05" 

96°27'35" 

73 

HR9-4 

27°33'02" 

96®29'03" 

73 

Seasonal  sample  collections  were  made  3  times  each  year  at  all  stations,  during 
late  winter,  early  spring  and  late  summer  in  order  to  sample  those  periods  when 
the  water  temperatures  were  coldest,  changing  and  warmest.  Monthly  sampling 
along  transect  2  (Fig.  1)  was  implemented  in  the  second  year  of  the  study, 
including  the  4  stations  at  both  Southern  Bank  (SB-8)  and  Hospital  Rock  (HR-9). 
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Benthic  samples  were  taken  with  a  Smith -McIntyre  grab  and  epifaunal  samples 
with  a  10.66  m  Texas  Box  Otter  Trawl  from  the  R/V  Longhorn  of  the  University 
of  Texas  Marine  Science  Institute.  The  ship  was  positioned  with  LORAC  navigation 
for  both  grab  and  trawl  samples.  Replicate  grab  samples,  4  the  first  year  and  6  in 
subsequent  years,  were  taken  at  each  station  during  each  collection  period 
Duplicate  trawls  of  15  min  duration  were  made  at  each  station  for  all  collections. 

Samples  were  washed  through  a  0.5  mm  mesh  screen  bag  onboard  ship,  pre¬ 
served  initially  in  seawater  formalin  and  later  in  70%  methanol.  Anatomical  and 
morphological  studies  of  the  mollusks  included  light  and  electron  microscopy. 

Verification  of  species  identifications  were  made  at  the  Smithsonian  Institution, 
Washington,  D.  C. 

CHECKLIST  OF  LIVING  MARINE  MOLLUSKS  FROM  THE 
SOUTH  TEXAS  CONTINENTAL  SHELF  (10  -  134  m  DEPTH) 

The  following  checklist  recognizes  176  taxa  in  84  families  distributed  in  7  classes.  The 
familial  arrangement  follows  that  of  Abbott  (1974).  *-indicates  the  zoogeographic  range  has 
been  extended  to  the  south  Texas  continental  shelf. 

PHYLUM  MOLLUSCA 

CLASS  GASTROPODA 

FAMILY  TROCHIDAE 
Calliostoma  sp. 

Seguenzia  monocingulata  Seguenza,  1876 
FAMILY  CYCLOSTREMATIDAE 

*Arene  bairdii  (Dali,  1889)  (range  extended  from  east  coast  of  USA) 
Cyclostrema  sp. 

FAMILY  RISSOIDAE 
"^Hyala  sp. 

FAMILY  RISSOINIDAE 

Rissoina  cancellata  Philippi,  1847 
FAMILY  VITRINELLIDAE 
Cyclostremiscus  sp. 

Episcynia  inornata  (Orbigny,  1842) 

Teinostoma  biscaynense  Pilsbry  and  McGinty,  1945 
Vitrinella  floridana  Pilsbry  and  McGinty,  1946 
Solariorbis  infracarinata  Gabb,  1881 
Parviturboides  interniptus  (C.  B.  Adams,  1850) 

FAMILY  CAECIDAE 

Caecum  johnsoni  (Winkley,  1908) 

Caecum  imbricatum  Carpenter,  1858 
Caecum  pulchellum  Stimpson,  1851 
FAMILY  ARCHITECTONICIDAE 

Architectonica  nobilis  Roding,  1798 
FAMILY  CERITHHDAE 

Finella  dubia  (Orbigny,  1842) 

FAMILY  EPITONIIDAE 

Epitonium  multistriatum  (Say,  1826) 

Epitonium  novangliae  (Couthouy,  1838) 

E.  sp. 
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FAMILY  MELANELLIDAE 
Niso  aeglees  Bush,  1885 
EuUma  bifasciata  (Orbigny,  1842) 

Eulima  hemphilli  Dali,  1880 
E.  sp. 

Melanella  arcuata  C.  B.  Adams,  1850 
Melanella  conoidea  Kurtz  and  Stimpson,  1851 
FAMILY  CALYPTRAIDAE 

Calyptraea  centralis  (Conrad,  1841) 

FAMILY  CREPIDULIDAE 

Crepidula  cf.fomicata  (Linne,  1758) 
Cmcibulum  auricula  (Gmelin,  1791) 

FAMILY  OVULIDAE 

Cyphoma  intermedium  (Sowerby,  1828) 
FAMILY  NATICIDAE 

Natica  marochiensis  (Gmelin,  1791) 

Natica  canrena  (Linne,  1758) 

N.  sp. 

Sinum  maculatum  (Say,  1831) 

Polinices  duplicatus  (Say,  1822) 

FAMILY  CASSIDIDAE 

Sconsia  striata  (Lamarck,  1816) 

FAMILY  CYMATIIDAE 

Distorsio  clathrata  (Lamarck,  1816) 

FAMILY  TONNIDAE 

Tonna  galea  (Linne,  1758) 

FAMILY  MURICIDAE 

Thais  haemastoma  haysae  Clench,  1927 
Murex  fulvescens  Sowerby,  1834 
FAMILY  COLUMBELLIDAE 

Anachis  calliglypta  (Dali  and  Simpson,  1901) 
Anachis  obesa  (C.  B.  Adams,  1845) 

Nassarina  glypta  (Bush,  1885) 

FAMILY  BUCCINIDAE 

Antillophos  candei  (Orbigny,  1842) 

Cantharus  cancellaria  (Conrad,  1846) 
FAMILY  MELONGENIDAE 

Busycon  contrarium  (Conrad,  1840) 

FAMILY  NASSARIIDAE 

Nassarius  acutus  (Say,  1822) 

Nassarius  vibex  (Say,  1822) 

FAMILY  FASCIOLARIIDAE 

Fasciolaria  lilium  G.  Fischer,  1807 
Fusinus  couei  (Petit,  1853) 

FAMILY  OLIVIDAE 

Oliva  say  ana  Ravenel,  1834 
Olivella  dealbata  (Reeve,  1850) 

FAMILY  VOLUTIDAE 

Auriniopsis  kieneri  (Clench,  1946) 

FAMILY  CONIDAE 

Conus  austini  Rehder  and  Abbott,  195  1 
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FAMILY  TEREBRIDAE 

Terehra  protexta  Conrad,  1845 
FAMILY  TURRIDAE 
Crassispira  sp. 

Kurtziella  cf.  rubella  (Kurtz  and  Stimpson,  1851) 

Polystira  albida  (Perry,  1811) 

Nannodiella  oxia  (Bush,  1885) 

FAMILY  PYRAMIDELLIDAE 

Turbonilla  portoricana  Dali  and  Simpson,  1901 
T.  sp. 

Odostomia  seminuda  (C.  B.  Adams,  1837) 

O.  sp. 

FAMILY  ACTEONIDAE 

Acteon  punctostriatus  (C.  B.  Adams,  1840) 

FAMILY  RINGICULIDAE 

Ringicula  semistriata  Orbigny,  1842 
FAMILY  CYCLICHNIDAE 

Cylichna  bidentata  (Orbigny,  1841) 

Scaphander  watsoni  DslW,  1881 
FAMILY  PHILINIDAE 

Philine  sagra  Orbigny,  1841 
FAMILY  HAMINOEIDAE 

Haminoea  succinea  (Conrad,  1846) 

H.  sp. 

FAMILY  RETUSIDAE 

Acteocina  candei  (Orbigny,  1842) 

Pyrunculus  caelatus  (Bush,  1885) 

Volvulella  persimilis  (Morch,  1875) 

Volvulella  texasiana  Harry,  1967 

ORDER  SACOGLOSSA 

Sacoglossid  (unidentified) 

FAMILY  APLYSIIDAE 

Aplysiid  (unidentified) 

FAMILY  TYLODINIDAE 

Pleurobranchaea  hedgpethi  Abbott,  1952 

ORDER  NUDIBRANCHIA 
♦FAMILY  POLYCERATIDAE 

*Issena  ramosa  (Verrill  and  Emerton,  1881) 

FAMILY  CORAMBIDAE 

Doridella  obscura  Verrill,  1870 
FAMILY  TETHYIDAE 

"^Fimbria  sp.  (previously  reported  from  the  northern  Gulf  of  Mexico) 
♦FAMILY  CUTHONIDAE 
*Piseinotecus  sp. 

FAMILY  FACELINIDAE 
Facelina  sp. 

CLASS  SCAPHOPODA 

FAMILY  DENTALHDAE 

Dentalium  eboreum  Conrad,  1846 
Dentalium  cf.  eboreum  Conrad,  1846 
Dentalium  sowerbyi  Guilding,  1834 
Dentalium  texasianum  Philippi,  1848 
D.  sp. 


LIVING  MARINE  MOLLUSKS 


FAMILY  SIPHONODENTALIIDAE 
Cadulus  caroUnensis  Bush,  1885 

CLASS  AMPHINEURA 

FAMILY  ISCHNOCHITONIDAE 

Ischnochiton  papillosus  (C.  B.  Adams,  1845)  (range  extended  offshore) 

*CLASS  CAUDOFOVEATA  (Not  previously  reported  anywhere  in  Gulf  of  Mexico) 
♦FAMILY  RIMIFOSSORIDAE 
*Scutopus  sp.  (See  Fig.  2) 

♦FAMILY  PROCHAETODERMATIDAE 
*Prochaetoderma  sp.  (See  Fig.  3) 

♦FAMILY  CHAETODERMATIDAE 
*Falcidens  sp.  (See  Fig.  4) 

♦CLASS  SOLENOGASTRES  (not  previously  reported  anywhere  in  Gulf  of  Mexico) 
♦FAMILY  PARARRHOPALIIDAE 
*Pruvotina  sp.  (See  Fig.  5) 

CLASS  PELECYPODA 

FAMILY  NUCULIDAE 

Nucula  proximo  Say,  1822 
FAMILY  NUCULANIDAE 

Nuculana  acuta  (Conrad,  1831) 

Nuculana  concentrica  (Say,  1824) 

Nuculana  platessa  (Dali,  1890) 

Yoldia  solenoides  Dali,  1881 
FAMILY  SOLEMYACIDAE 
Solemya  sp. 

FAMILY  ARCIDAE 

Anadara  baughmani  Hertlein,  1951 
Anadara  ovalis  (Bruguiere,  1789) 

Anadara  transversa  (Say,  1822) 

Noetia  ponderosa  (Say,  1822) 

Arcopsis  adamsi  (Dali,  1886) 

Area  zebra  (Swainson,  1833) 

Barbatia  Candida  (Helbling,  1779) 

FAMILY  MYTILIDAE 

Amygdalum  papyrium  (Conrad,  1846) 

Modiolus  americanus  (Leach,  1815) 

Musculus  lateralis  (Say,  1822) 

FAMILY  PINNIDAE 

Atrina  seminuda  (Lamarck,  1819) 

FAMILY  PECTINIDAE 

Aequipecten  glyptus  (Verrill,  1882) 

Amusium  papyraceus  (Gabb,  1873) 

Argopecten  gibbus  (Linn6, 1758) 

FAMILY  ANOMIIDAE 

Anomia  simplex  Orbigny,  1842 
Pododesmus  rudis  (Broderip,  1834) 

FAMILY  LIMIDAE 

Lima  pellucida  C.  B.  Adams,  1846 
FAMILY  OSTREIDAE 

Ostrea  equestris  Say,  1834 
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FAMILY  LUCINIDAE 

Lucina  amiantus  {Ddll,  1901) 

Lucina  multilineata  (Tuomey  and  Holmes,  1857) 

L.  sp. 

FAMILY  THYASIRIDAE 

*Thyasira  pygmaea  Verrill  and  Bush,  1898  (range  extended  from  East  coast 
of  USA) 

Thyasira  sp. 

FAMILY  UNGULINIDAE 

Diplodonta  cf.  soror  C.  B.  Adams,  1852 
D.  sp. 

FAMILY  CHAMIDAE 

Chama  congregata  Comad,  1S33 
Chama  macerophylla  (Gmelin,  1791) 

Arcinella  comuta  Conrad,  1866 
FAMILY  LEPTONIDAE 
Lepton  sp. 

*Pythinella  cuneata  (Verrill  and  Bush,  1898)  (range  extended  from  East 
coast  of  USA) 

Mysella  planulata  (Stimpson,  1857) 

FAMILY  SPORTELLIDAE 

Aligena  texasiana  Harry,  1969 
FAMILY  CARDITIDAE 

Cyclocardia  armilla  (Dali,  1903) 

FAMILY  CRASSATELLIDAE 

Crassinella  lunulata  (Conrad,  1834) 

Crassinella  martinicensis  (Orbigny,  1842) 

Eucrassatella  speciosa  (A.  Adams,  1852) 

FAMILY  CARDHDAE 

Laevicardium  laevigatum  (Linne,  1758) 

Microcardium  permabile  (Dali,  1881) 

Mtcrocardium  tinctum  (Dali,  1881) 

^Microcardium  transversum  (Rehder  and  Abbott,  1951)  (range  extended 
from  Louisiana) 

Trachycardium  muricatum  (Linne,  1758) 

FAMILY  MACTRIDAE 

Mulinia  lateralis  (Say,  1882) 

FAMILY  SOLENIDAE 

Solen  viridis  Say,  1821 
FAMILY  TELLINIDAE 

Macoma  pulleyi  Boyer,  1969 
Macoma  tenta  (Say,  1834) 

Tellina  aequistriata  Say,  1824 
Tellina  squamifera  Deshayes,  1855 
Tellina  versicolor  Dekay,  1843 
FAMILY  PSAMMOBIIDAE 

Sanguinolaria  sanguinolenta  (Gmehn,  1791) 

FAMILY  SEMELIDAE 

Abra  aequalis  (Say,  1822) 

Semele  bellastriata  (Comad,  1837) 
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FAMILY  VENERIDAE 

Chione  clenchi  Pulley,  1952 
Chione  grus  (Holmes,  1858) 

C  sp. 

Mercenaria  campechiensis  (Gmelin,  1791) 

Dosinia  elegans  Conrad,  1846 
Antigona  rugatina  (Heilprin,  1887) 

Anomalocardia  auberiam  (Orbigny,  1842) 

Pitar  cordatus  (Schwengel,  1951) 

Gouldia  cerina  (C.  B.  Adams,  1845) 

FAMILY  CORBULIDAE 

*Corbula  cymella  Dali,  1881  (range  extended  from  Florida  Keys) 

Corbula  swiftiana  C.  B.  Adams,  1852 
Varicorbula  disparilis  (Orbigny,  1842) 

FAMILY  LYONSIIDAE 

Lyonsia  hyalina  floridana  Conrad,  1849 
FAMILY  PANDORIDAE 
Pandora  sp. 

FAMILY  PERIPLOMATIDAE 

*Periploma  orbiculare  Guppy ,  1882  (range  extended  from  Galveston) 
Periploma  margaritaceum  (Lamarck,  1801) 

FAMILY  POROMYIDAE 

Poromya  rostrata  Rehder,  1943 
FAMILY  VERTICORDIIDAE 

Verticordia  fischeriana  Dali,  1881 
Verticordia  omata  (Orbigny,  1842) 

FAMILY  CUSPIDARIIDAE 

*Cuspidaria  media  Verrill  and  Bush,  1898  (range  extended  from  East  coast 
USA) 

CLASS  CEPHALOPODA 

FAMILY  SEPIOLIDAE 

Rossia  tenera  (Verrill,  1880) 

FAMILY  LOLOGINIDAE 

*Loligo  plei  Blainville,  1823  (range  extended  from  East  coast  of  USA) 
Loligo  pealei  Lesueur,  1821 
Lollinguncula  brevis  (Blainville,  1823) 

FAMILY  OCTOPODIDAE 

Octopus  vulgaris  Cuvier,  1797 
O.  sp. 
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Figure  2.  Scutopus  sp.  (a)  oral  shield  (b)  posterior.  ij 

and  Dr.  Richard  Houbrick  (Cerithiidae).  I  also  wish  to  acknowledge  the  contri-  j 
butions  of  the  following  for  identifications  and  verifications  of  specimens:  Dr.  j 
Anders  Waren,  University  of  Gothenburg,  Sweden  (MelanelUdae  and  Rissoidae);  | 
Dr.  Harold  W.  Harry,  Biology  Dept.,  Texas  A&M  University  (Opisthobranchia,  ' 
Nudibranchia,  Thyasiridae,  Sportellidae);  Dr.  Luitfried  Von  Salvini-Plawen,  j 


LIVING  MARINE  MOLLUSKS 


281 


Figure  3.  Prochaetoderma  sp.  (a)  oral  shield  (b)  long,  pointed,  thornlike  scales  or  spines. 


Figure  4.  Scanning  Electron  Micrograph  of  Falcidens  sp. 
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Figures.  Electron  micrograph  of  Pruvotina  sp.  (a)  oral  shield  (b)  “coves  of  spicules” 
(c)  gill  folds 
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ABSTRACT 


Rainfall  runoff  were  monitored  in  a  rural  stream  which  received  runoff  only  from  a  rural 
watershed.  Analyses  were  conducted  on  samples  taken  through  each  occurrence  (Storm  event) 
for  total  coliform,  fecal  coliform,  fecal  streptococci,  Pseudomonas,  Staphylococcus,  and 
Salmonella  concentrations.  Those  data  are  compared  with  low  flow  stream  bacterial  quality 
at  the  same  locations,  with  other  land  use  areas,  and  with  indicator  bacteria  concentrations 
in  treated  and  untreated  municipal  wastewater.  Concentrations  of  indicator  bacteria  easily 
exceeded  the  contact  recreation  standard  of  200/ 1 00  ml  during  periods  of  high  flow  and  during 
periods  of  greatest  flow,  exceeded  a  noncontact  standard  of  4,000/100  ml.  Highest  concen¬ 
trations  of  all  bacteria  occurred  during  the  early  periods  of  increased  stream  flow.  Bacterial 
groups  and  pathogenic  genera  found  in  rural  and  urban  stormwater  runoff  were  also  present 
in  municipal  sewage.  The  rural  stream  had  numbers  of  fecal  coliform  and  total  coUfoxm  bac¬ 
teria  during  high  runoff  which  were  about  the  same  concentration  as  secondary  treated 
municipal  sewage. 

INTRODUCTION 

During  the  past  decade,  considerable  attention  has  been  directed  to  storm¬ 
water  runoff  quality  because  of  its  potential  pollutant  content.  Despite  the  fact 
that  rainfall  runoff  is  intermittent,  some  of  the  biological  and  chemical  factors 
contained  therein  represent  sources  of  pollution  and  that  pollution  load  may  be 
substantial.  Stormwater  quality  has  been  reported  to  be  worse  than  the  average 
quality  of  most  receiving  waters  for  at  least  five  different  land  uses  for  many  of 
its  physical  and  chemical  factors  (Field  and  Knowles,  1975).  Stormwater  is  re¬ 
sponsible  for  more  than  50%  of  the  total  annual  pollutant  loading  in  streams 
(Field  and  Szeeley,  1974).  Urban  stormwater  may  be  contaminated  at  least  to 
the  same  extent  as  secondary  treated  sewage  (Soderland  and  Leh timer,  1974). 
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Stormwater  has  been  reported  to  contribute  8  times  the  pollution  contribution 
resulting  from  secondary  treated  sewage  effluents  (Field  and  Weigel,  1973). 
Furthermore,  urbanization  is  one  of  the  most  dynamic  of  all  land  uses  in  producing 
changes  in  stream  flow  and  quality  characteristics  (Leopold,  1968). 

In  order  to  further  define  the  contribution  of  urban  and  rural  stormwater 
runoff  to  pollution  loading,  the  objectives  of  this  research  were  to  determine  the 
bacteriological  quality  of  urban  and  rural  stormwater  runoff  and  to  evaluate  the 
effects  that  small  impoundments  have  in  reducing  the  concentrations  of  bacteria 
by  the  natural  phenomena  of  sedimentation  and  dieoff. 

METHODOLOGY 

Indicator  and  pathogenic  bacteria  concentrations  were  quantified  in  stormwater 
originating  from  a  rural  area  which  was  under  development.  The  Woodlands, 
located  approximately  30  mi  (48  km)  north  of  Houston,  Texas  was  the  primary 
test  site.  Panther  Branch,  the  principal  stream  in  that  drainage  area,  is  located  in 
the  San  Jacinto  River  Basin.  The  total  drainage  area  above  the  lower  station,  P-30, 
on  Panther  Branch  is  21,606  acres  (8,747ha)  and  is  characterized  with  sandy 
loam  soil  and  is  heavily  forested  with  pine  and  mixed  hardwood.  The  drainage 
basin  has  a  0.2%  slope  and  was  developed  to  10%  of  land  use  at  the  end  of  this 
study.  The  developed  portion  is  primarily  residential  with  support  and  recreational 
facilities  and  was  designed  with  minimal  forest  clearing  and  with  minimal  alter¬ 
ations  in  the  natural  drainage  system. 

Although  1 1  sampling  stations  were  strategically  located  throughout  the  drain¬ 
age  basin,  4  sampling  sites  were  monitored  during  both  low  flow  and  storm  events. 
Station  P-10,  located  on  Panther  Creek  in  the  upper  reaches  of  the  watershed, 
had  a  drainage  area  of  16,050  acres  (6,498ha).  That  drainage  area  was  developed 
to  an  extent  of  less  than  1%  and  represented  a  site  of  low  environmental  impact 
of  human  activity.  Station  P-30  was  also  located  on  Panther  Creek  above  its  con¬ 
fluence  with  another  stream.  The  area  above  P-30  was  the  then  developed  portion 
of  the  Woodlands.  Station  Lake  B,  coded  herein  as  LB,  was  located  on  a  small 
creek  that  represented  the  major  stream  ofinflow  into  a  man-made  impoundment 
in  the  developed  portion  of  the  Woodlands.  Station  Lake  A,  coded  as  LA,  was 
located  at  the  site  of  discharge  from  the  lake  system.  Westbury  station,  referred 
to  later  in  the  text,  was  a  site  in  an  established  urban  area  of  southwest  Houston 
which  was  monitored  during  storm  events  for  purposes  of  comparing  the  rural 
and  urban  water  quaUty. 

Bacteriological  analyses  were  performed  on  the  water  samples  within  24  hrs  of 
sample  collection.  Samples  were  refrigerated  until  aU  of  the  analyses  were  com¬ 
pleted.  Total  Coliform  (TC),  Fecal  Coliform  (FC)  and  Fecal  Streptococci  (FS) 
were  enumerated  using  the  membrane  filter  technique  described  in  Standard 
Methods  (1975).  Pseudomonas  aeruginosa  (PS)  were  quantified  on  m~PA  agar. 
Staphylococcus  aureus  (ST)  were  enumerated  on  Vogel-Johnson  agar  with 
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appropriate  numbers  of  confirmatory  testing  using  coagulase  and  catalase  tests. 
Salmonella  sp.  (SA)  were  quantified  using  xylose  lysine  deoxycholate  agar  (XLD) 
as  the  primary  isolation  medium.  Confirmation  of  suspect  colonies  was  achieved  using 
Triple  Sugar  Iron  (TSI)  agar  reactions  and  “API-20  ENTERIC”  biochemical  test 
strips  (ANATAB  Products,  Inc., Carle  Place,  N.Y.),  and  by  other  serological  tests. 

Bacterial  densities  are  reported  in  numbers/ 100  ml  of  water  sample.  Some 
data  were  characterized  by  positively  skewed  distributions  and  were  normalized 
using  logi  Q  transformations  which  permitted  significance  testing  and  faciHtated 
data  presentation. 

TEMPORAL  TRENDS  IN  STORMWATER 

Stormwaters  contained  bacterial  concentrations  much  higher  than  those  oc¬ 
curring  during  low  flow  conditions  and  they  demonstrated  that  temporal  distri¬ 
butions  appeared  to  follow  reasonably  predictable  trends.  The  storm  event  of 
April,  1975,  was  chosen  as  an  exemplary  runoff  event.  For  that  event,  the  soil 
was  dry  prior  to  the  rainfall.  Rainfall  for  the  previous  month  was  below  the 
monthly  average  for  the  area.  During  the  storm  event,  2.76  in  (7.01  cm)  of  rain 
fell  in  3.5  hrs,  yielding  a  hydrograph  at  station  P-30  which  peaked  at  1,060  cfs 
(30  m^/sec)  about  30  hrs  after  the  initiation  of  rainfall  (Fig.  1).  The  reported 
chemical  and  bacteriological  parameters  peaked  prior  to  the  hydrograph  peak  as 
they  did  in  virtually  all  storm  events  which  were  monitored.  For  that  storm 
event,  suspended  solids  (SS)  peaked  at  690  mg/1 .  Fecal  coliform  bacterial  densities 
(FC  in  Fig.  1),  increased  rapidly  with  the  rise  of  the  hydrograph,  peaking  prior 


Hours  into  Storm 


Figure  1.  Temporal  distributions  for  the  April  7-10,  1975  storm  event,  Station  P-30, 
for  discharge  (triangles),  suspended  solids  (circles),  and  fecal  coliforms  (squares). 
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to  the  hydrograph  peak,  coincident  with  the  SS  peak,  and  slowly  decreased  there¬ 
after.  This  phenomenon,  related  to  the  “first  flush”  concept,  is  assumed  to  be 
due  to  rapid  soil  leaching  and  scour  velocity  exceedance.  Similar  patterns  were 
observed  for  total  coHform  (TC),  peaking  at  lO'^/lOO  ml.  Fecal  streptococci 
(FS)  and  Staphylococcus  (ST)  peaked  at  the  same  point  in  time  and  near  the 
same  order  of  magnitude  as  the  FC,  10"^ /1 00  ml.  Temporal  trends  were  less 
discernable  for  Pseudomonas  (PS)  although  a  distinct  rise  and  the  fall  in  PS 
densities  were  detectable.  Although  52%  of  all  the  water  samples  taken  at  station 
P-30  contained  Salmonella  sp.,  temporal  distributions  were  impossible  to  discern. 
That  was  due,  in  part,  to  batch  flow  density  concentrations. 

The  small  impoundments  in  the  primary  test  site  operated  hydrologically 
during  recurrent  storm  events  as  sedimentation  basins.  Suspended  solids  (SS) 
(Table  1)  were  greatly  reduced  as  the  water  flowed  through  the  lake  system,  i.e., 
from  Lake  B  located  on  the  major  stream  of  inflow  into  the  lake  to  the  Lake  A 
site  at  the  discharge  point.  Associated  with  settling  were  appreciable  reductions 
in  bacterial  concentrations  for  most  storm  events.  One  exception  was  for  the 
April,  1975  storm  event  during  which  nearly  4  in  of  rain  resulted  in  a  maximum 
discharge  at  Lake  A  of  113  cfs  (3.2  m^/sec).  That  was  much  greater  than  the 
other  run-off  events  which  were  monitored.  The  multiple  peak  hydrograph 
observed  at  Lake  B  became  quiescent  at  Lake  A.  Large  reductions  in  suspended 
solids  were  observed  (SS  averaged  1,273  mg/1  at  Lake  B  and  245  mg/1  at  Lake 
A)  whereas,  microbial  populations  remained  comparatively  stable.  The  bacteria 

TABLE  1 

Summary  of  Bacterial  Densities  in  Lakes  A  and  B  Stormwaters 


Indicator  3/12/75 

Log#/  100  ml  Lake  B  Lake  A 


TC 

6.18 

4.91 

FC 

3.12 

1.44 

FS 

3.53 

3.12 

PS 

2.73 

0.47 

ST 

4.04 

1.50 

SA 

1.25 

1.47 

Qmax’  cfs 

11.70 

2.00 

(m3/s) 

(0.33) 

(0.06) 

SSmax’ 

mg/1 

5,000 

164 

Rain,  in. 

0.81 

(cm) 

(2.00) 

Duration, 

(hr.) 

3.50 

4/7/75  9/5/75 


Lake  B 

Lake  A 

Lake  B 

Lake  A 

5.25 

5.06 

6.55 

4.28 

3.37 

3.03 

3.90 

2.36 

3.23 

3.50 

4.74 

2.52 

2.81 

2.61 

4.66 

2.62 

3.17 

3.29 

4.42 

2.05 

0.28 

0.35 

<  1.00 

<  1.00 

96.00 

113.00 

<0.10 

<  0.10 

(2.69) 

(3.26) 

(~) 

(-) 

2,660 

356 

2,766 

34 

2.97 

1.11 

(7.01) 

(2.81) 

3.50 

1.00 
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apparently  remained  in  suspension.  Those  bacterial  reductions  which  were  observed 
for  most  storm  events  may  have  been  due  to  small  runoff  volumes  which  were 
then  diluted  with  the  impounded  lake  water.  Those  stormwaters  consequently 
had  longer  detention  times.  This  is  consistent  with  data  obtained  from  the  lake 
studies  conducted  during  conditions  of  low  flow  when  indicator  and  pathogenic 
bacterial  concentrations  except  TC,  were  low.  That  agrees  with  the  somewhat 
predictable  behavior  of  those  organisms  in  detained  untreated  stormwaters,  i.e., 
those  microbial  groups  decreased  in  concentration  with  time,  except  TC  which 
had  the  capability  to  maintain  elevated  populations  and  even  some  increase  in 
concentration  with  time. 

RESULTS  AND  DISCUSSION 

A  comparison  of  mean  bacterial  concentrations  for  storm  events  for  low  flow 
periods  for  different  land  uses,  and  for  sewage  concentrations  is  illustrated  in  Fig.  2 . 
The  curves  are  for  TC,  FC,  FS  and  PS.  Bacterial  concentrations  (Log  No./ 100  ml) 
occurring  in  raw,  secondary  treated  (2°)  nonchlorinated,  and  secondary  treated 
chlorinated  sewage  (CI2  EfL),  as  well  as  those  concentrations  present  in  Woodlands 
(Wood.),  stream  sediment,  and  soil  samples  (No. /gram)  are  shown  for  comparative 
purposes.  The  low  flow  and  storm  event  stations  are  listed  in  order  of  increasing 
urbanization.  Soil  and  sediment  samples  from  the  test  site  contained  low  bacterial 
numbers/gram  but  contributed  the  majority  of  the  organisms  found  in  runoff. 
Geldreich,  et  al,  (1968)  determined  that  the  IMViC  coliform  types  in  urban  soil 
were  the  same  as  those  in  urban  stormwater.  Lin,  et  ai,  (1974),  reported  that 
precipitation  producing  increased  runoff  was  associated  with  elevated  bacterial 
densities.  The  Woodlands  data  show  that  microbial  populations  in  stormwater 
were  higher  than  those  which  were  present  during  base  flow.  Stormwater  runoff 
exhibited  a  potential  to  elevate  populations  with  increased  urbanization  ap¬ 
proaching  those  levels  that  occur  in  secondary  treated  unchlorinated  sewage. 
Additionally,  the  similarity  of  the  curves  for  TC,  FC,  FS  and  PS  indicates  that  a 
distinct  correlation  existed,  as  least  for  the  means  of  these  bacterial  groups.  This 
pattern,  also  observed  for  ST,  was  less  discernible  for  SA  and  did  not  hold  at 
all  for  FC/TC  and  FC/FS  ratios. 

One  literature  source  (Lin,  et  ai,  1974)  has  indicated  that  the  FC/FS  ratio 
for  stormwater  from  different  land  use  areas  has  a  value  of  1  or  less.  That  suggests 
the  fecal  contamination  to  have  been  of  non -human  origin.  A  FC/FS  value  near 
4  reflects  a  human  source  of  fecal  pollution.  A  plot  of  FC  versus  FS  densities  for 
low  flow  and  monitored  storm  events  (Fig.  3)  verified  that  the  FC/FS  was  near 
to  1.0.  Although  increased  bacterial  concentrations  were  observed  for  stormwaters 
that  increased  in  flow  magnitude  with  the  extent  of  urbanization,  the  ratios, 
however,  remained  relatively  constant.  The  low  ratios  associated  with  Lake  A 
stormwaters  probably  reflect  the  impounding  effect  on  the  survival  of  FC  relative 
to  FS.  High  FC  densitites  at  Lake  A  were  obtained  only  in  stormwater  runoff 
but  were  generally  1  log  unit  lower  than  those  densities  at  Lake  B. 
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Log  PS  Log  FC  or  Log  TC 

I - 1 - 1 - 1 - 1  I - 1 - 1 - 1 - \ - \ - ! 

1234523  45678 


1  Log  FS  5 

I - 1 - 1 - 1 - 1 


Figure  2.  Comparison  of  low  flow,  storm  event,  sewage,  soil,  and  stream  sediment  indi¬ 
cator  bacteria  and  Pseudomonas  concentrations. 

Analysis  of  covariance,  applied  to  FC  and  FS  data  for  the  5  sample  sites, 
indicated  that  the  FC  and  FS  relationship  was  not  constant  per  land  use,  and 
that  FC  densities  were  greater,  relative  to  FS  densities  with  increased  urbanization. 
However,  on  the  basis  of  the  FC/FS  ratios,  the  fecal  segment  of  bacterial  groups 
was  determined  to  be  of  animal  origin, overwhelming  any  contribution  by  human 
sources  which  could  possibly  have  been  associated  with  urbanization. 
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FC/FS  =  10 


Log  FS 


Figure  3.  Fecal  coliform  and  fecal  streptococci  concentrations  in  different  land  use  areas 
during  storm  events  and  low  flow. 

It  is  notable  that  the  low  flow  data  did  not  always  exceed  the  State  of  Texas 
criteria  for  contact  recreation  (geometric  mean  of  200  FC/lOO  ml,  2.3  on  log 
scale  in  Fig.  3)  whereas,  stormwaters  with  any  appreciable  flow  for  the  sites  in 
question  always  exceeded  that  value  and  tended  to  exceed  the  criteria  for  non- 
contact  recreation  (FC  =  4,000/100  ml  or  log  FC  =  3.6). 

Bacterial  populations  were  highly  variable  in  those  surface  waters.  A  large 
portion  of  the  microbial  populations  in  stormwater  were  endogenous  to  the  water¬ 
sheds  and  are  not  usually  considered  to  be  aquatic  by  nature.  The  bacterial 
groups  and  pathogens  encountered  in  rural  and  urban  stormwater  were  also  found 
in  sewage.  Correlations  between  indicator  bacteria  and  pathogens  which  were 
reported  earlier  (Davis,  1976),  could  aid  the  determination  of  the  hygienic 
quality  of  water  as  based  on  the  potential  exposure  to  pathogens.  In  retrospect, 
the  emphasis  on  stormwater  quality  was,  in  part,  precipitated  by  the  control  of 
point  sources  of  pollution  by  efficient  waste  treatment  systems.  Rainfall  runoff 
is,  of  course,  a  non -point  source  and  the  acquisition  of  stormwater  data  from 
undeveloped  watersheds  is  of  importance  if  the  impact  of  land  uses  are  to  be 
evaluated  and  control  measures  instituted. 
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NOTES  SECTION 

SPECTROPHOTOMETRIC  DETERMINATION  OF  pK^’S  OF  4-  AND  5 -SUB¬ 
STITUTED  2-NITROPHENOLS  AT  VARIOUS  TEMPERATURES.  Eldon  K  Sund, 
Calvin  J.  Ellis,  Jr.  and  Terry  L.  Evett,  Department  of  Chemistry,  Midwestern  State  Univ., 
-  Wichita  Falls  76308. 

The  pK^  of  phenol  is  temperature  sensitive  and  becomes  larger  with  increasing  temperature 
(D.  T.  Y.  Chen  and  K.  J.  Laidler,  1962,  Trans.  Faraday  Soc.,  58:480).  We  have  determined 
the  of  a  series  of  4-  and  5 -substituted  2-nitrophenols  at  15  intervals  from  10  C  to 

70  C  to  see  if  these  phenols  were  also  temperature  sensitive.  The  pK^’s  determined  are 
apparent,  as  the  thermodynamic  corrections  are  usually  small  at  these  concentrations  (A. 
Albert  and  E.  P.  Seqeant,  1971,  The  Determination  of  Ionization  Constants,  2nd  ed., 
Chapman  and  Hall  Ltd.,  London,  England,  p.  101).  The  values  determined  are  found  in 
Table  1  and  show  the  same  temperature  sensitivity  as  phenol. 

TABLE  1 


pK^  Values  of  2-Nitrophenols  4-Substituted  Compounds 


Subst.  Group 

IOC 

25  C 

40  C 

55  C 

70  C 

25  C* 

H 

7.26 

7.13 

7.06 

6.85 

6.76 

7.08 

CHa 

7.90 

7.55 

7.43 

7.19 

6.91 

7.40 

Cl 

6.50 

6.39 

6.35 

6.21 

6.05 

6.36 

NO2 

4.18 

4.12 

4.09 

4.06 

4.03 

4.07 

*M.  Rapoport,  C.  K.  Hancock  and  E.  A.  Meyer,  1961,/.  Am. 

Chem.  83:3489. 

5-Substituted  Compounds 

Subst.  Group 

IOC 

25  C 

40  C 

55  C 

70  C 

25  C* 

H 

7.26 

7.13 

7.06 

6.85 

6.76 

7.13 

CH3 

7.60 

7.36 

7.24 

7.04 

6.96 

7.25 

Cl 

6.35 

6.22 

6.20 

6.00 

5.77 

6.05 

NO2 

5.48 

5.28 

5.21 

5.11 

4.99 

5.04 

*C.  K,  Hancock  and  A.  D.  H.  Clague,  1964,/.  Am  Chem.  Soc.,  86:4942. 


Experimental 

All  of  the  4“  and  5-substituted  2-nitrophenols  were  obtained  commercially,  except  for 
5-chloro-2-nitrophenol  which  was  prepared  by  a  method  previously  reported  in  the  literature 
(H.  H.  Hodgson  and  F.  H.  Moore,  1925,  /.  Chem.  Soc.,  127:1600).  The  nitrophenols  were 
purified  by  recrystallization  to  constantmeltingpoint  which  was  compared  with  the  literature 
value. 

The  absorption  spectra  were  obtained  with  a  Varian  Cary  1 18  double  beam,  double  prism 
spectrophotometer.  A  Haake  Model  KT-41  constant  temperature  bath  provided  temperature 
control  for  the  thermostated  absorption  cells  and  the  pH  measurement  cell.  The  thermostated 
liquid  was  circulated  in  parallel  through  the  2  systems  and  monitored  with  a  digital  ther¬ 
mometer  which  had  an  accuracy  of  ±0.2  C.  The  pH  determinations  were  made  with  a  Leeds 
and  Northrup  Model  7415  expandable  scale  research  pH  meter.  A  series  of  National  Bureau 
of  Standards  (U.  S.)  Reference  pH  Buffer  Solutions  were  made  (J.  A.  Dean,  1913,  Lange’s 
Handbook  of  Chemistry ,  llthEd.,McGraw-HmBookCo.,New  York,N.  Y.,  pp.  5-70-5-75). 
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The  pK^  determinations  were  performed  for  each  4-  and  5 -substituted  2-nitrophenol  in  the 

a 

following  manner.  The  absorption  cells  and  the  pH  measurement  cell  were  allowed  to  equi¬ 
librate  at  the  desired  temperature.  The  requisite  nitrophenol  (2x  10~^M,  50  ml)  was  trans¬ 
ferred  from  the  stock  solution  to  the  pH  measurement  cell  by  a  50  ml  pipet.  Fifty  ml  of  a 
specifically  chosen  buffer  solution  or  a  0.1  N  hydrochloric  acid  solution  or  a  0.1  N  sodium 
hydroxide  solution  was  transferred  from  the  stock  solution  to  the  pH  measurement  cell  by 
a  50  ml  pipet  resulting  in  a  1  x  10~^M  solution  of  the  nitrophenol.  The  nitrophenol  solution 
was  allowed  to  mix  thoroughly  and  equilibrate  to  the  desired  temperature.  A  small  aliquot 
of  the  nitrophenol  solution  was  transferred  to  the  absorption  cell  of  the  spectrophotometer. 
Again  the  temperature  was  allowed  to  equilibrate  to  the  desired  temperature.  When  the 
temperature  of  both  the  pH  measurement  cell  and  the  absorption  cell  had  equilibrated,  the 
pH  and  the  absorbance  readings  were  taken.  The  above  steps  were  repeated  4  more  times 
using  buffers  within  ±0.5  pH  range  of  the  hypothetical  pK^  value  of  the  nitrophenol  at  a 
given  temperature.  The  pK^  values  were  then  averaged  for  maximum  accuracy.  The  entire 
process  was  repeated  for  each  nitrophenol  over  the  desired  temperature  range.  The  pK^’s 
were  calculated  using  the  following  equation,  pK^  =  pH  -  log  A  -  A1/A2  -A,  where  A=ab- 
sorbance  of  the  buffered  solution,  Ai  =  absorbance  of  the  hydrochloric  acid  solution,  A2  = 
absorbance  of  the  sodium  hydroxide  solution  and  pH  refers  to  the  pH  of  the  buffered  solution. 
All  pK^  values  reported  are  uncorrected  for  the  activity  of  the  anion  and  therefore  are  apparent 
rather  than  thermodynamic. 

This  work  was  presented  at  the  81st  Annual  Meeting  of  the  Texas  Academy  of  Science 
(E.  H.  Sund,  Calvin  J.  EUis,  Jr.  and  Terry  L.  Evett,  1978,  Spectrophotometric  Determination 
of  pK^'s  of  4-  and  5-Substituted  2~Nitrophenols  at  Various  Temperatures,  81st  Annual 
Meeting  of  the  Texas  Academy  of  Science,  Texas  Tech  University,  Lubbock,  Texas). 

We  gratefully  acknowledge  financial  support  by  the  Robert  A.  Welch  Foundation  (Grant 
No.  kO-Al?)). -Reviewed  by:  John  W.  Fitch,  III,  Department  of  Chemistry,  Southwest 
Texas  State  University,  San  Marcos  78666. 

ENOL-KETO  TAUTOMERISM  OF2-PHENACYLPYRIDINES.£’Wo«  H.  Sund  and 

David  P.  Holder,  Department  of  Chemistry,  Midwestern  State  University,  Wichita  Falls 
76308. 

It  has  been  shown  that  2-phenacylpyridine  exists  as  an  enol-keto  equilibrium  mixture 
(Forms  I  and  II  respectively)  (R.  F.  Branch,  \956,  Nature,  177:671  and  A.  R.  Katritzky, 
H.  Z.  Kucharska  and  J.  D.  Rowe,  1965,7.  Chem.  Soc.,  3093). 
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The  relative  enol-keto  ratios  have  been  determined  by  examination  of  the  absorption  in  the 
IR  spectrum  of  the  carbon  double  bonded  to  another  carbon  and  of  the  carbonyl  group  of 
the  2-phenacylpyridines.  (R.  F.  Branch,  A.  H.  Beckett  and  D.  B.  Cowell,  1963,  Tetrahedron, 
19:401). 

Enol-keto  ratios  for  a  similar  series  of  2-phenacylpyridines  have  been  determined  in  a 
nonpolar  solvent  (CCI4)  and  a  somewhat  polar  solvent  (DCCI3).  The  enol-keto  ratios  de¬ 
termined  are  shown  in  Table  1  where  it  can  be  seen  that  the  more  polar  solvent  favors  the 
keto  form. 


TABLE  1 


Enol/Keto  Ratio 

Substitutent  DCCI3  CCI4 


(none)  H 

0.76 

2.06 

m-CH3 

0.71 

1.60 

P-CH3 

0.50 

1.24 

m-OCH3 

0.86 

2.50 

m-F 

1.53 

5.47 

p-F 

0.66 

1.94 

p-Bi 

1.19 

2.96 

m-Cl 

0.95 

4.00 

p-Cl 

1.00 

2.97 

Experimental 

The  synthesis  of  the  compounds  has  been  described  previously  (A.  H.  Beckett  and  K.  A. 
Kerridge,  1954,  J.  Chem.  Soc.,  2948  and  A.  B.  Beckett,  K.  M.  Kerridge,  P.  Clark  and  W.  G. 
Smith,  1955,  J.  Pharm.  Pharmacol,  7:717).  A  Hitachi  Perkin-ELmer  High  Resolution  Spec¬ 
trometer  Model  R-20  was  used.  The  probe  temperature  was  33.0  C;  TMS  was  used  as  an 
internal  standard.  Typical  instrument  settings  were:  sweep  width  600  cps,  sweep  time  250 
sec.,  time  constant  0.1  sec,  RF  field  Hi  5  x  10^  micro-volt,  and  sensitivity  2.5  x  10^.  The 
equilibrium  constants  were  obtained  by  integrating  the  vinyl  and  methylene  protons  at  ap¬ 
proximately  6.00  ppm  and  4.40  ppm  respectively.  K  =  2  x  area  of  vinyl  proton/area  of 
methylene  proton.  The  neat  samples  were  integrated  3  times,  the  average  value  was  reported. 
The  solution  spectra  were  run  at  approximately  5  0  v/v%  dilution. 

This  work  was  presented  at  the  80th  Annual  Meeting  of  the  Texas  Academy  of  Science 
(D.  P.  Holder  and  E.  H.  Sund,  1977,  Enol-keto  Tautomerism  of  Substituted  2-Phenacylpyri- 
dines,  80th  Annual  Meeting  of  the  Texas  Academy  of  Science,  Baylor  University,  Waco, 
Texas). 

We  gratefully  acknowledge  financial  support  by  the  Robert  A.  Welch  Foundation  (Grant 
No.  AO-413). -Reviewed  by:  John  W.  Fitch,  III,  Department  of  Chemistry,  Southwest 
Texas  State  University,  San  Marcos  78666,  andJ.  Radhakrishnan,  Department  of  Chemistry , 
University  of  Connecticut,  Storrs  06268. 

HETEROLYTIC  FRAGMENTATION  OF  jS-HALOCARBOXYLIC  ACIDS; 
STUDIES  ON  9,10-DISUBSTITUTED  DEC  ALINS.  Dr.  J.  Radhakrishnan,  Dept. 

of  Chemistry,  University  of  Connecticut,  Sorrs  06268. 

There  are  mainly  2  possible  modes  of  heterolytic  fragmentations  for  a  /J-halocarboxylic 
acid  system  in  conformity  withGrob’s  (Grob,  1957,  Experientia,  13:126;  Grob,  1959, Kekule 
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Symposium  on  Theoretical  Organic  Chemistry,  Butterworths,  London,  p.  114,  ff;  Grob,  1960, 
Bull  Soc.  Chim.  Fr.,  1360),  requirements:  a)  a  synchronous  fragmentation  involving  fran- 
gomeric  effect  due  to  all  bonds  involved  (including  the  5 -electron  pair)  lying  in  one  plane; 
b)  a  stepwise  solvolysis  in  which  fragmentation  of  the  resultant  cation  is  but  1  of  2  or  more 
competing  reactions. 

Since  the  dehalogenative  decarboxylations  of  j3-halo  acids  studied  in  our  laboratories 
thus  far  (Vaughan,  Cartwright  and  Henzi,  1972,/.  Amer.  Chem.  Soc.,  94:4978),  did  not  fit 
in  completely  with  Grob’s  synchronous  fragmentation  mechanism,  thereby  indicating  confor¬ 
mational  flexibility,  investigation  of  conformationally  rigid  (diaxial)  j3-halo  acids  was  under¬ 
taken.  A  simple  molecular  framework  that  incorporates  these  requirements  is  m-9-bromo- 
decalin-lO-carboxylic  acid,  1.  This  note  describes  our  studies  on  substituted  decalins  to 
evolve  a  stereospecific  synthesis  of  the  title  compound,  i, 

l-Bromocyclohexene-2-carboxaldehyde,  prepared  according  to  the  method  of  Paquette 
(Paquette,  Johnson  and  Hinga,  1966,  Org.  Syn.,  46:18),  on  Diels-Alder  addition  to  1,3- 
butadiene  gave  mainly  aromatized  products.  None  of  the  unsaturated  bromo  aldehyde  2 
could  be  isolated;  since  the  dienophile,  viz.,  the  bromo  aldehyde,  was  unstable  thermally, 
the  corresponding  bromo  ester,  methyl  2-bromocyclohexenecarboxylate  /*,  was  prepared 
in  a  total  yield  of  70%  by  the  Ag20  oxidation  of  the  aldehyde  and  esterification  of  the  result¬ 
ant  carboxylic  acid  with  diazomethane.  However,  even  the  thermally  stable  bromo  ester  3 
was  inert  towards  1,3-butadiene  in  Diels-Alder  reactions  under  different  conditions.  Inter¬ 
estingly  enough,  experiments  to  prepare  the  unsaturated  bromo  ester  3  by  the  treatment  of 
methyl  cyclohexanone-2-carboxylate  with  PBrs  adopting  the  conditions  described  by 
Newman  (Newman,  Fraenkel  and  Kirn,  1963,/.  Org.  C/zem.,  28: 1851),  for  open  chain  analogs, 
gave  only  identifiable  aromatic  products. 

Alternatively,  it  was  hoped  to  convert  the  deoxygenated  decalin  diester  (4:  R=R  =CH3) 
to  the  required  m-bromo  acid  1.  Thus,  dimethyl  1,4-epoxy-  ^^’^-czs-decalin-9,10-di- 
carboxylate  5  was  prepared  in  3  steps  from  furan  following  mainly  the  procedure  of  Stork 
(Stork,  van  Tamelen,  Friedman  and  Burgstahler,  1953,  /.  Amer.  Chem.  Soc.,  75:384),  with 
suitable  modifications,  and  hydrogenated  over  5%  Pd-C  catalyst  to  obtain  dimethyl  1,4- 
epoxy-c/s-decalin-9,10-dicarboxylate  6*  in  quantitative  yield.  However,  the  epoxy  diester 
6  was  found  to  be  resistant  to  a  variety  of  deoxygenation  reactions. 

Successful  synthesis  of  the  key-intermediate  (^:R=R=H),  viz.,  c/s-decalin-9,10-di- 
carboxylic  acid,  was  acheived  in  6  steps  starting  from  1,3-butadiene  and  maleic  anhydride, 
and  its  structure  rigorously  established  by  inter-relating  reactions  (Diels  and  Alder,  1928, 
Ann.,  460:113;  Bailey  and  Amstutz,  1956,/.  Amer.  78:3828;  Alder  and  Backendorf,  1938, 
Ber.,l\-.1\99). 

The  dicarboxylic  acid  {4:  R=R  =H)  was  recovered  unaffected  after  an  attempted  modified 
Hunsdiecker  reaction  (Vaughan,  Caple,  Csapilla  and  Schneider,  1965,/.  Amer.  Chem.  Soc., 
87:2204).  Cristol-Firth  (Cristol  and  Firth,  1961,/.  Org.  Chem.,  26:280)  reaction  afforded 
the  corresponding  cis-  anhydride  7.  Presumably,  the  monohypobromite  formed,  eliminated 
elements  of  hypobromous  acid  to  yield  c/s-decalin-9,10-dicarboxylic  anhydride,  7. 

Ethanolysis  of  the  anhydride  7  furnished  in  80%  yield,  the  half  ester,  ethyl  c/s-decalin- 
9-carboxy-lO-carboxylate  {4:  R=H,  R  =C2H5)*.  Both  the  Hunsdiecker  reaction  and  the 
Cristol-Firth  modification  reaction  on  this  half  ester  resulted  in  the  formation  of  the  decalin 
anhydride  7;  the  anhydride  7  in  turn  did  not  undergo  either  the  Schmidt  or  Curtius  reactions. 
Ammonolysis  of  the  tricyclic  anhydride  7  afforded  c/s-decalin-9,10-dicarboxyimide  in 
82%  yield.  The  imide  was  unaffected  under  Hoffman  reaction  conditions  (Wynn  and  Vaughan, 
196%, J.  Org.  Chem.,  33:2311). 

Beckman  rearrangement  of  the  oxime  of  the  cyclopropanone,  ll-oxotricyclo-(4.4.1.0.)- 
undecane,  9,  followed  by  suitable  modifications  of  the  product  thereof  for  the  preparation 


NOTE:  All  new  compounds  marked  with  an  asterisk  *  were  characterized  by  TLC,  IR,  NMR, 
mass  spectra,  and  gave  satisfactory  elemental  analyses  with  ±  0.3%  of  theoretical 
values. 
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of  the  bicyclic  bromo  acid  1  was  subsequently  devised.  Towards  this  end,  1 1,1  l-djchloro- 
tricyclo-(4.4. 1.0.)-undecane,  1 0,  and  11,11  -dibromotricyclo-(4.4. 1 .0.)-undecane,  i  7  * ,  were 
prepared  by  the  dichloro-and  dibromo-  carbene  addition  to  ^^’^^-octalin,  and  their  hydro¬ 
lysis  behavior  investigated.  Both  the  dihalo  products  {10  and  11)  were  stable  under  all  hydro¬ 
lytic  conditions;  it  was  inferred  that  this  difficulty  could  be  due  to  the  angle  strain  involved. 

Addition  of  chlorosulfonylisocyanate  to  ^-octalin,  followed  by  basic  hydrolysis 
afforded  the  lactam  72*  in  moderate  yields.  Further  work  is  in  progress  to  refine  the  synthesis 
and  study  the  hydrolytic  fragmentation  of  the  bromo  acid,  7. 
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ERRATA  ADDENDUM 

Volume  31,  No.  3 

Page  126:  “Methods  of  Study”  should  appear  as  the  heading  for  the  paragraph 
beginning  with  the  sentence  “This  study  was  conducted  during  August, 
1974  .  .  instead  of  appearing  at  the  top  of  the  page. 

Page  129:  The  reference  which  appears  in  the  middle  of  the  eighth  line  from 
the  top  of  the  page  should  read  “(Cade,  unpublished)”  instead  of 
“(Cade,  1979).” 

The  Texas  Journal  of  Science  extends  its  apologies  to  Professor  William  H.  Cade 

for  the  above  errors  made  in  his  published  manuscript. 


THE  PRACTITIONER’S  APPROACH  TO  OBTAINING  GENERALIZED 
CORNISH-FISHER  EXPANSIONS 


by  E.D.MCCUNE^z^^/J.E.  ADAMS 

Department  of  Mathematics  and  Statistics 
Stephen  F.  Austin  State  University 
Nacogdoches  75962 

ABSTRACT 

A  procedure  is  presented  for  obtaining  generalized  Cornish-Fisher  expansions  which 
involves  simply  reading  terms  from  a  table  and  applying  elementary  algebraic  calculations. 
A  rather  extensive  table  is  presented  which  should  satisfy  the  needs  of  most  scientists  applying 
Cornish-Fisher  expansions. 

INTRODUCTION 

During  the  past  40  yr,  Cornish-Fisher  expansions  have  spurred  interest  both 
in  theoretical  statistics  as  well  as  through  applications  in  fields  such  as  Genetics, 
Chemistry,  Dental  Research,  Computer  Science,  Social  Science  and  Business. 
For  detailed  references  on  Cornish-Fisher  expansions  refer  to  the  paper  by  McCune 
and  Adams  (1978).  Throughout  these  investigations,  one  of  the  basic  difficulties, 
especially  for  the  practitioner,  has  been  embedded  in  actually  obtaining  a  sufficient 
number  of  terms  of  the  Cornish-Fisher  expansion.  The  purpose  of  this  paper  is 
to  alleviate  this  problem.  For  related  reading,  see  Hill  and  Davis  (1968)  and 
Draper  and  Tierney  (1973). 

PRELIMINARIES 

Fet  F(  ;X)  and  4^  be  probability  distribution  functions  such  that 

limit  F(x  ;X)  =  'T  (x)  ( 1 ) 

X->oo 

for  all  X  in  the  support  of  F(  ;X).  Also  let  kj  and  a.  be  the  cumulants  of  the 
probability  distribution  functions  F(  ;X)  and  'T,  respectively,  with 

/3j  =  k.-a.  (2) 
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where 


Now  the  Edgeworth  expansion  of  F(x;X)  in  terms  of  '^(x)  is  defined  by 

F(x;X)  =  'I'(x)  +  Z  Q.(x;X)  + 
i  =  l 


(3) 


(4) 


where  the  Q.’s  are  functions  of  X  and  x  determined  by  the  jS.’s  and  derivatives, 
(”i)j  of  and  where 

Qj(x;X)  =  0(X-i/^).  (5) 

In  Table  1,  the  Q.’s  for  i=  1,2,  .  .  8  are  exhibited.  The  Q’s  are  defined  by  the 

table  as 

Qj(x;X)=Z^  (6) 

where  the  summation  is  over  the  terms  corresponding  to  i.  For  example, 

xp  (3 ) 

(7) 

and 


Q2(x;X) 


4! 


{v.yii 


(8) 


Now  let  us  consider  X  and  u  as  corresponding  quantiles  of  F(  ;X)  and 'F  respec¬ 
tively  such  that 

F(x;X)='F(u).  (9) 

Using  Taylor’s  expansion  and  Eq.  (9)  we  obtain  (see  Hill  and  Davis  (1968). 

u  =  x+  2  |[F(x;X)-'I'(x)]/'I'<‘\x)j  '  +  0(X'<"''‘^/^)  (10) 

where  Ci(x)  =  1  and 

. 


(11) 
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TABLE  1 


i 

A 

B 

c 

1 

^33 

3! 

2 

& 

4! 

(3!)^2! 

3 

5! 

-^3^4 

^F(7)(x) 

3!4! 

-Pi 

(3!)^ 

4 

& 

6! 

P3P5 

'I'^®\x) 

3!5! 

Pi 

(4!)^2! 

PIP4 

(3!)^4!2! 

(3^3 

Xl,(l2)(x) 

(3!)'^4! 

5 

-Pi 

7! 

-P3P6 

3!6! 

-P4P5 

4!5! 

-PiPs 

'I'<")(x) 

(3!)^5!2! 

-PsPl 

'I'^">(x) 

3!(4!)^2! 

-PIPa 

'I'^‘^\x) 

(3!)'^4! 

-Pi 

'I'<'=\x) 

(3!)^5! 

6 

P8 

'l'*®\x) 

8! 

p3pl 

,I,(10)(X) 

3!7! 

P4P6 

,;,(>0)(x) 

4!6! 

Pi 

XI,(10)(X) 

(5!)^2! 

PlPe 

(3!)^6!2! 

P3PAP5 

Xl,(l2)(x) 

3!4!5! 

Pi 

(4!)^3! 

PlPs 

'I'<''‘>(x) 

(3!)^5!3! 

PlPl 

(3!)2(4!)^2!)^ 

PIPa 

Xl,(l6)(x) 

(3!)^4!)^ 

1^3 

(3!)^6! 

7 

-p9 

'I'*^*(x) 

9! 

-P3P3 

3!8! 

-PaPi 

'I'^"\x) 

4!7! 

-PsPe 

'I'^'‘)(x) 

5!6! 

-PlPl 

'I'<‘^\x) 

(3!)^7!2! 

-p3PAp6 

Vl,(l3)(x) 

3!4!6! 

-P3PI 

\I,(l3)(x) 

3!(5!)^2! 

-PaPs 

Vl,(l3)(x) 

(4!)^5!2! 

-PlPe 

Xl,(l5)(x) 

(3!)'^6! 

-pIPaPs 

'I'‘‘=\x) 

(3!)^4!5!2! 

-P3PI 

xj(is)(x) 

(3!)^4!)^ 

-PlPs 

'I'<”>(x) 

(3!)'^5!4! 

-PlPl 

'I'<”*(x) 

(3!)'^(4!)^2! 
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Table  1  Continued. 


i  A 

B 

c 

-P3P4 

(3!)^4!5! 

-Hi 

8  Pio 

,1,(1  0)(x) 

10! 

P3P9 

319! 

P4P8 

418! 

PsPi 

xp(l2)(x) 

517! 

Hi 

(61)^2! 

HlHs 

(3!)^8!2! 

31417! 

H3H5H6 

3!5!6! 

HlHe 

(4!)^6!2! 

H4HI 

4!(5!)^2! 

HIH7 

,J,(16)(X) 

Olfll 

HlHA 

,1,(1  6)(X) 

(3!)^4!6!2! 

HlHl 

,I,(l6)(x) 

(3!)^(5!)^(2!)^ 

HsHlHs 

,;,(16)(X) 

3!(4!)^5!2! 

Ht 

,I,(16)(X) 

(4!)^ 

HlHe 

,1,(1  8)(x) 

(3!)'^6!4! 

HlH^Hs 

,1,(1  8)(x) 

(3!/4!5! 

HlHl 

4,(18)(x) 

(3!)^(4!)^2! 

^(20)(x) 

(3!)^  (5!)^ 

HtHl 

,I,(2  0)(X) 

(3!)^(4!)^2! 

(3|/34 

^(2  2)(x) 

(3!)^4!6! 

/3| 

,I,(2‘t)(x) 

(3!)®8! 

where  is  the  derivative  with  respect  to  x. 

In  a  similar  manner,  Lagrange’s  inversion  expansion  and  Eq.  (9)  yield 


n 

x  =  u-  2 
r  =  l 


U 


[F(u;X)-'I'(u)]'' 


+  OCX-f"-"  (12)  || 

i  ■ 


PROCEDURE 


In  order  to  obtain  the  Generalized  Cornish-Fisher  expansion  one  simply 
substitutes  Eq.  (4)  into  Eq.  (10)  and  collects  terms  of  decreasing  orders  of  X  ^ 
through  terms  of  desired  order.  For  example,  substituting  Eq.  (4)  into  Eq.  (10) 
and  collecting  terms  through  order  0(X“^^'^^)  yields 

u  =  x  +  (BiQ.)  +  (B1Q2  +B2Q?)  +  0(X-3/^)  (13)  1 
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where 


B^  =  C^(x)/|r!['t(‘>(x)]']  (14) 

with  Cj.  defined  in  Eq.  (11)  and  Q.  defined  in  Eq.  (6)  which  utilizes  Table  1. 

To  obtain  the  Generalized  Inverse  Cornish-Fisher  expansion  one  simply 
substitutes  Eq.  (4)  into  Eq.  (12)  and  collects  terms  of  decreasing  orders  of  X 
through  terms  of  desired  order.  For  example,  substituting  Eq.  (4)  into  Eq.  (12) 
and  collecting  terms  through  order  0(X“^^^)  yields 


X  =  u  “  [ 


xjr^O^u) 


+  Q,(»))]  + 


(15) 


where 


q|“>  =  Q;(u;X) 
and 

Q(j)  =  DWQj(u;X) 


(16) 


(17) 


with  Q.(u;X)  defined  by  Eq.  (6)  which  utilizes  Table  1. 

It  is  possible  that  the  limiting  distribution,  may  be  other  than  the  Normal 
distribution ;  however,  if 

T'(x)=  /  (27r)'^^^exp(-^/4t^)dt  (18) 


then  Eq.  (13)  reduces  to  the  classical  Cornish-Fisher  expansion  and  Eq..  (15) 
reduces  to  the  classical  Inverse  Cornish-Fisher  expansion. 


CONCLUSION 


A  procedure  has  been  presented  for  obtaining  generalized  Cornish-Fisher 
expansions  which  involves  simply  reading  terms  from  a  table  and  applying  ele¬ 
mentary  algebraic  calculations.  It  is  believed  that  this  procedure  should  serve  as 
a  valuable  asset  to  the  research  scientist  applying  Cornish-Fisher  expansions.  It 
should  also  be  noted  that  after  the  basic,^xpansion  has  been  obtained  using  this 
procedure,  the  researcher  hirglTt  also  wish  to  use  the  transformation  introduced 
by  McCune  and  Adams  (1978)  in  order  to  improve  the  accuracy  of  the  expansion. 
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CONODONT  EVIDENCE  FOR  THE  MISSISSIPPIAN-PENNSYLVANIAN 
BOUNDARY  NORTHEASTERN  LLANO  REGION,  CENTRAL  TEXAS 


by  ROBERT  T.  LINER,  WALTER  L.  MANGER, 
and  DOY  L.  ZACHRY 

Department  of  Geology 
University  of  Arkansas 
Fayetteville  72701 

ABSTRACT 


The  Mississippian-Pennsylvanian  boundary  in  the  northeastern  Llano  region,  central 
Texas  has  been  placed  traditionally  at  the  contact  between  the  Barnett  and  Marble  Falls 
Formations.  Phosphatic  limestones  at  the  top  of  the  Barnett  Formation  yield  concentrates 
of  conodonts  representing  the  Gnathodus  bilineatus-Cavusgnathus  altus  Zone  of  the  type 
Middle  Chesterian  Series.  Conodonts  from  the  base  of  the  overlying  Marble  Falls  Formation 
belong  to  Xhe,  N eognathodus  symmetricus  Zone  of  the  type  Morrowan  Series.  When  compared 
to  the  standard  Carboniferous  successions,  these  conodont  assemblages  indicate  that  the 
Mississippian-Pennsylvanian  boundary,  Barnett-Marble  Falls  contact,  is  a  major  hiatus  rep¬ 
resenting  7  conodont  zones.  However,  a  phosphatic  shale  at  the  top  of  the  Barnett  Formation 
at  one  locality  yields  conodonts  identical  to  those  of  the  overlying  Marble  Falls.  Consequently, 
the  Barnett-Marble  Falls  lithostratigraphic  contact  cannot  be  taken  as  the  Mississippian- 
Pennsylvanian  boundary  without  faunal  analysis.  Physical  evidence  for  the  unconformity  is 
not  apparent. 


INTRODUCTION 

The  age  assignment  of  the  Barnett  and  lower  Marble  Falls  Formations,  and 
consequently  placement  of  the  Mississippian-Pennsylvanian  boundary  in  the 
Llano  region  of  central  Texas  (Fig.  1),  has  been  a  historic  controversy.  Initially 
Girty  (1919)  proposed  a  major  unconformity  separating  strata  now  referred  to 
the  Mississippian  Barnett  and  Pennsylvanian  Marble  Falls  Formations.  In  contrast, 
Moore  (1919)  considered  the  Barnett  Formation  to  be  Pennsylvanian  in  age  and 
conformable  with  the  Marble  Falls.  Subsequent  publications  by  Moore,  Plummer, 
and  others  (see  Hass,  1953  for  review)  debated  these  positions,  finally  accepting 
an  unconformity  of  major  proportions  separating  the  2  formations  (Moore, 
et  al. ,  1944;  Cloud  and  Barnes,  1948;  Plummer,  1950).  It  was  not  until  studies 
by  Dunn  (1970a,  b)  that  more  precise  ages  for  these  units  were  established  and 
an  understanding  of  the  details  of  the  boundary  began  to  emerge. 
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Substantial  progress  has  been  made  recently  in  developing  standard  conodont  | 
zonations  for  the  North  American  Carboniferous  (Collinson,  et  al.,  1971;  Lane,  V 
et  al,  1971;  Lane  and  Straka,  1974;  Lane,  1977).  These  conodont  zonations  J 
provide  a  framework  for  further  evaluation  of  the  Mississippian-Pennsylvanian  ( 
boundary  and  its  relationship  to  the  lithostratigraphy  in  the  northeastern  Llano  f 

region.  Wliile  the  present  study  is  limited  in  scope,  it  demonstrates  that  the  ' 

Mississippian-Pennsylvanian  boundary  in  the  northeastern  Llano  is  a  hiatus  rep¬ 
resenting  all  or  portions  of  7  conodont  zones.  Physical  evidence  for  this  uncon¬ 
formity  is  lacking  except  for  the  phosphatic  character  of  the  upper  Barnett 
carbonates  and  shales  and  reworking  of  some  older  conodont  elements.  At  one  ^ 
locality  a  shale,  which  would  be  placed  within  the  Barnett  Formation  on  litho-  ; 
stratigraphic  criteria,  contains  Morrowan  conodonts  identical  to  those  of  the 
overlying  Marble  Falls  Formation.  ; 


Figure  1.  Index  map  of  the  northeastern  Llano  region,  central  Texas  showing  location  of  | 
type  sections  for  units  discussed  in  this  study.  } 

LITHOSTRATIGRAPHY  ) 

Barnett  Formation  I 

Girty  (1912)  recognized  the  presence  of  a  shale  interval  at  the  base  of  the  Bend  f  I 
Series  between  the  Marble  Falls  Limestone  (Pennsylvanian)  and  the  Ellenburger  | 
Group  (Ordovician).  This  shale  was  initially  called  the  Lower  Bend  Shale  by  Udden,  ^ 
et  al,  (1916),  but  was  subsequently  named  the  Barnett  Shale  by  Plummer  and 
Moore  (1922).  This  type  section  is  near  Barnett  Springs,  San  Saba  County,  Texas 
(Sellards,^?^/.,  1932)  (Fig.  1). 
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The  Barnett  Formation  is  composed  predominantly  of  dark  brown  to  black, 
thinly  laminated,  petroliferous  shale.  Large  ellipsoidal,  microsparite  concretions 
up  to  6  ft  in  longest  dimension  characterize  the  lower  1/3  of  the  formation.  The 
concretions  form  laterally  persistent  horizons  connected  by  thin  concretionary 
limestone  beds.  The  individual  concretions  may  develop  septarian  structure  and 
occasionally  contain  ammonoids  and  other  fossils.  Thin  beds  of  phosphatic 
limestone  and  shale  form  the  upper  2-5  ft  of  the  Barnett  Formation  in  the 
northeastern  Llano  region.  The  limestone  beds  are  composed  of  dark  yellow- 
brown,  fine  to  coarse  grained,  poorly  sorted,  ammonoid-bearing  oomicrite  and 
biomicrite  (Fig.  2).  The  fossil  constituents  are  usually  replaced  by  phosphorite. 
Exposures  of  the  Barnett  typically  weather  to  a  light  to  medium  yellow-brown, 
calichified  shale.  This  shale  commonly  forms  slopes  and  complete  exposures  are 
rare.  The  phosphatic  limestones  in  the  upper  Barnett  are  more  resistant  to  weath¬ 
ering,  but  may  become  slumped  or  otherwise  covered. 


2  3  4  5 


—  PHYLLOID  ALGAE 

Figure  2.  Diagrammatic  representation  of  lithologies  in  proximity  to  Barnett-Marble 
Falls  contact,  northeastern  Llano  region,  central  Texas,  and  sampling  interval. 


In  the  northeastern  Llano  region,  the  Barnett  Formation  averages  44  ft  with 
no  thickening  or  thinning  patterns  evident  (Zachry,  1969;  Kier,  1972).  It  con¬ 
formably  overlies  the  Chappel  Limestone  (Lower  Mississippian),  but  may  rest 
unconformably  on  the  Ordovician  Ellenburger  Group  where  the  Chappel  is  absent. 
The  Barnett  Formation  is  overlain  by  the  Marble  Falls  Formation  throughout 
the  northeastern  Llano  region. 
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Marble  Falls  Formation 

Hill  (1889)  introduced  the  name  Marble  Falls  for  a  limestone  succession  at 
Marble  Falls,  Burnet  County  in  the  southeastern  Llano  region,  central  Texas 
(Fig.  1).  Subsequent  investigations  of  the  Texas  Carboniferous  extended  the  name 
Marble  Falls  from  its  type  area  to  designate  a  portion  of  the  Bend  Series  which 
had  been  proposed  for  exposures  in  the  northeastern  Llano  region  (Girty,  1912)  | 

(Fig.  1). 

The  presumed  equivalence  of  the  type  Marble  Falls  with  exposures  in  the  ; 
northeastern  Llano  region  was  disputed  by  Cheney  (1940)  based  primarily  on 
paleontological  evidence.  Cheney  (1940)  regarded  the  northeastern  exposures 
as  younger  than  those  of  the  type  area  and  restricted  use  of  the  name  Marble 
Falls  to  the  Morrowan  portion  of  the  section.  Cheney  (1940)  proposed  the  name 
Big  Saline  Group  for  the  strata  which  he  regarded  as  resting  unconformably  on  | 
the  Marble  Falls  Limestone.  Subsequent  studies  by  Plummer  (1945, 1947a,  1947b, 
1950)  and  Cheney  (1947)  produced  a  plethora  of  formations  and  members 
bounded  by  unconformities  within  the  interval  equivalent  to  the  Marble  Falls. 
Controversy,  which  has  not  been  fully  resolved,  has  surrounded  all  aspects  of 
the  identification,  correlation  and  age  assignments  of  these  units.  ! 

Recent  investigations  have  treated  the  Marble  Falls  as  a  carbonate  interval  1 
bounded  by  the  Barnett  Shale  below  and  the  Smithwick  Shale  above  (Bell,  ;| 
1957,  1972).  Detailed  mapping  in  the  Llano  region  (see  Bell,  1972  for  references) 
has  delimited  facies  distributions  within  the  Marble  Falls  and  the  detailed  nomen¬ 
clature  of  Cheney  and  Plummer  has  been  abandoned. 

The  Marble  Falls  Formation  in  the  northeastern  Llano  region  consists  of 
informal  lower  and  upper  carbonate  members  separated  by  a  middle  shaly  member  1 
(Bell,  1972).  The  lower  member  of  the  Marble  Falls  averages  150  ft  in  the  north-  I 
eastern  Llano  region  and  is  a  complex  of  predominantly  carbonate  facies  of  the  j 
Bahaman-type  (Kier  and  Zachry ,  1973).  Facies  of  the  Marble  Falls  that  are  similar  ' 
to  those  of  the  modern  Bahaman  Platform  include  a  marginal  oolitic  sand  belt  I 
with  associated  spill-over  lobes,  pelleted  interior  sands,  channel  fills  and  tidal  | 
bar  belts  (Kier  and  Zachry,  1973).  Other  carbonate  facies,  such  as  coralline,  | 
tubular  and  phylloid  algal  buildups  and  dark -colored  phylloid  algal  micrites,  are  ! 
not  found  in  the  Bahamas  but  are  consistent  with  a  Bahaman-like  environment  . 
(Kier  and  Zachry,  1973).  Off-platform  deposits  are  predominantly  dark-colored  i 
terrigenous  mud,  micrite  and  spiculites  representing  deeper  water  facies.  Chert  is  j 
commonly  developed  as  nodules,  lenses,  thin  beds  and  fossil  replacements,  } 
particularly  the  coral  Chaetetes.  j 

The  Barnett-Marble  Falls  contact  is  drawn  at  the  base  of  the  first  persistent,  j 
medium  to  thick  bed  of  non-phosphatic  carbonate  succeeding  either  typical 
Barnett  shale  or  phosphatic  carbonate.  This  boundary  commonly  coincides  with  ' 
a  break  in  slope  between  the  weathered,  poorly  exposed  Barnett  shales  and  the  | 
massive,  bluff-forming  lower  beds  of  the  Marble  Falls.  Occasionally  the  Marble  > 
Falls  exhibits  phosphatic  carbonate  beds  above  thicker  bedded  non-phosphatic  |j 
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limestone,  but  interfingering  with  the  Barnett  has  not  been  demonstrated  nor  is 
it  suspected.  No  shale  has  been  found  in  the  platform  facies  of  the  lower  member 
of  the  Marble  Falls  utilizing  a  boundary  placed  at  the  base  of  the  first  non- 
phosphatic  limestone  in  the  sequence. 

CONODONT  ASSEMBLAGES 

Nine  bulk  samples  were  collected  from  beds  immediately  adjacent  to  the 
Barnett"Marble  Falls  contact  at  5  localities  in  the  northeastern  Llano  region 
(Fig.  2).  Two-kilogram  samples  were  processed  for  conod  on  ts  using  standard 
acetic  acid  technique  and  each  yielded  abundant  discrete  conodont  elements. 
Identification  and  relative  abundance  of  the  platform  form  taxa  present  is  sum¬ 
marized  in  Fig.  3.  Bar  elements  occur  in  essentially  equal  numbers  to  platforms 
in  Mississippian  samples  but  comprise  less  of  the  Pennsylvanian  assemblages.  The 
bars  are  well  preserved,  for  the  most  part,  but  were  merely  counted  for  this 
study  (Fig.  3). 
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Figure  3.  Distribution  and  abundance  of  conodont  form  taxa  in  Barnett  and  Marble  Falls 
samples,  northeastern  Llano  region,  central  Texas.  Slides  containing  these 
assemblages  are  reposited  at  the  University  Museum,  University  of  Arkansas- 
FayetteviUe  under  the  catalogue  number  77-219. 
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Assemblages  from  both  the  Barnett  and  Marble  Falls  are  well  known  (Hass, 
1953;  Dunn,  1970a)  and  may  be  assigned  to  the  standard  zonations  for  the 
Mississippian  (Collinson,  et  al,  1971)  and  Pennsylvanian  (Lane  and  Straka,  1974; 
Lane,  1977)  Systems.  The  Barnett  assemblage  is  dominated  by  the  form  taxa 
Gnathodus  bilineatus  (Roundy,  1929)  and  G.  commutatus  commutatus  Branson 
and  Mehl,  1941)  (Fig.  3).  This  association  is  present  through  the  bulk  of  the 
Chesterian  Series  and  is  not  regarded  as  diagnostic.  At  one  locality  (Loc.  2,  Sample  4) 
the  Barnett  assemblage  contains  an  additional  platform  element,  G.  girtyi  girtyi 
(Hass,  1953).  This  form  taxon  is  restricted  to  the  G.  bilineatus-Cavusgnathus  altus 
and  G.  bilineatus-Kladognathus  mehli  Zones  of  the  standard  Chesterian  zonation 
(Collinson,  et  al ,  1971).  Absence  of  Kladognathus  in  the  Barnett  suggests  corre¬ 
lation  to  the  G.  bilineatus-C.  altus  Zone,  although  G.  altus  was  not  recovered. 
However,  a  slightly  older  age  assignment  cannot  be  dismissed.  This  correlation 
for  the  Barnett  does  not  differ  from  that  proposed  earlier  by  Collinson,  etal  (1971). 
However,  it  is  a  slightly  older  age  assignment  than  indicated  by  Lane  and  Straka 
(1974). 

Basal  Marble  Falls  strata  yield  abundant  discrete  conodonts  dominated  by  the 
platform  elements  Idiognathoides  sinuatus  Harris  and  Hollingsworth,  1933  and 
Neognathodus  symmetricus  (Lane,  1967)  in  approximately  equal  numbers 
(Fig.  3).  This  assemblage  is  distinctive  and  correlates  to  the  A^.  symmetricus  Zone 
of  the  standard  Morrowan  zonation  (Lane  and  Straka,  1974;  Lane,  1977).  The 
basal  Marble  Falls  assemblage  2Xs,o  Rhachistognathus  primus  Dunn,  1966 

at  all  localities  sampled  (Fig.  3).  This  is  an  anomalous  occurrence  of  the  R.  primus 
when  compared  to  the  standard  Morrowan  conodont  succession  (Lane  and  Straka, 
1974;  Lane,  1977).  The  association  withA^.  symmetricus  was  also  noted  by  Dunn 
(1970a).  The  specimens  of  R.  primus  exhibit  similar  preservational  character, 
particularly  color,  when  compared  to  other  elements  in  the  basal  Marble  Falls 
assemblage.  They  do  not  exhibit  obvious  evidence  of  reworking.  The  Marble  Falls 
occurrence  may  require  an  extension  of  the  range  of  R.  primus,  hut  more  collec¬ 
tions  through  this  interval  will  be  required. 

A  single  sample  (Loc.  3,  Sample  2)  through  the  top  1.3  ft  of  the  Barnett 
shale  (Fig.  2)  yielded  abundant  N.  symmetricus  associated  with  R.  primus  and 
/.  sinuatus  3).  G.  bilineatus  mCi  G.  commutatus commutatus^QXQ  d\%o  pxQ^Qut 
but  show  obvious  evidence  of  reworking,  including  abrasion,  breakage,  and  secon¬ 
dary  mineral  deposits.  This  conodont  assemblage  is  diagnostic  of  the  Morrowan 
Series  and  identical  to  that  of  the  overlying  Marble  Falls  at  this  and  the  other 
localities  sampled  (Fig.  3).  The  phosphatic  limestone  underlying  the  shale  at  this 
locality  (Loc.  3,  Sample  1 ;  Fig.  2)  yields  the  G.  bilineatus  assemblage  characteristic 
of  the  other  Barnett  samples  (Fig.  3). 

SUMMARY 

The  Mississippian-Pennsylvanian  boundary  in  the  northeastern  Llano  region 
is  a  major  hiatus  representing  7  conodont  zones  when  compared  to  the  standard 
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successions  for  these  systems.  At  the  localities  sampled,  the  Chest erian  G.  bilineatus- 
C.  altus  Zone  is  immediately  succeeded  by  the  Morrowan  symmetricus  Zone. 

The  Mississippian -Pennsylvanian  boundary  generally  coincides  with  the  Barnett- 
Marble  Falls  lithostratigraphic  contact.  Except  for  the  phosphatic  character  of 
limestone  and  shale  beds  at  the  top  to  the  Barnett,  there  is  no  physical  evidence 
for  the  unconformity.  At  one  locality,  shales  assigned  to  the  Barnett  Formation 
yield  a  conodont  assemblage  identical  to  that  of  the  overlying  Marble  Falls 
Formation.  A  phosphatic  limestone  immediately  underlying  this  shale  contains 
typical  upper  Barnett  conodonts.  This  evidence  indicates  that  initiation  of 
Pennsylvanian  deposition  was  not  confined  to  basal  Marble  Falls  carbonates. 
Consequently,  the  Barnett-Marble  Falls  lithostratigraphic  contact  cannot  be  taken 
as  the  Mississippian -Pennsylvanian  boundary  without  detailed  faunal  analysis. 
Further  study  is  needed  to  fully  delineate  lithostratigraphic  and  biostratigraphic 
relations  within  this  interval. 

INDEX  OF  SAMPLES  AND  LOCALITIES 

Localities  cited  in  this  study  fall  within  regions  surveyed  under  the  Spanish 
Land  Grant  system.  Consequently,  there  is  no  systematic  means  for  describing 
their  precise  location.  Directions  to  locate  these  sections  utilizing  cultural  and 
geographic  features  are  provided  in  dissertations  by  Zachry  (1969)  and  Kier  (1972) 
cited  in  the  references.  Sampling  interval  with  its  sample  number  following  in 
parenthesis  is  identical  to  that  shown  in  Fig.  2. 

Loc.  1  -  Basal  1  ft  (6),  Marble  Falls  Formation,  Bailey  Ranch  Hills  section 
of  Zachry  (1969). 

Loc.  2  -  Top  5  in  (4),  Barnett  Formation;  basal  9  in  (5), Marble  Falls  Formation, 
Will  Eggar  Ranch  section  of  Zachry  (1969). 

Loc.  3  -  One  ft  bed  of  highest  phosphatic  limestone  (1),  1  ft  3  in  shale  (2), 
Barnett  Formation;  basal  1  ft  (3),  Marble  Falls  Formation,  Butcher 
Canyon  section  of  Zachry  (1969). 

Loc.  4  -  Six -in  bed  of  phosphatic  limestone  (8),  Barnett  Formation;  basal 
9  in  (9), Marble  Falls  Formation,  Sullivan  Knob  section  of  Kier  (1972). 

Loc.  5  -  Basal  7  in  (7),  Marble  Falls  Formation,  Smith  Ranch  section  of  Kier 
(1972). 
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SYNERGISTIC  EFFECTS  OF  ALKALOIDS  AND  PIPECOLIC  ACID 
ON  THE  TOXICITY  OF  THE  SEEDS  OF  SOPHORA  SECUNDIFLORA 
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University  of  Tehran,  Tehran,  Iran  00014, 
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ABSTRACT 


The  alkaloids  of  the  seeds  of  Sophora  secundiflora  were  extracted  and  the  %  of  the  major 
alkaloids  estimated.  The  alkaloid  mixture  and  pipecolic  acid  were  separately  injected  into 
rats  with  different  time  lapses.  It  was  found  when  non-toxic  levels  of  alkaloids  and  pipecolic 
acid  were  both  injected  into  rats,  they  were  far  more  toxic.  The  synergistic  toxicity  varies 
with  the  time  lapse  between  injections,  the  alkaloid  mixture  and  the  pipecolic  acid  concen¬ 
tration. 


INTRODUCTION 

Sophora  secundiflora  (Ort.)  DC.,  Mountain  Laurel,  (Leguminosae)  is  an  ever¬ 
green  shrub  or  tree  native  to  the  Southwestern  United  States  and  Northern  Mexico. 
The  violet  flowers  bloom  in  early  spring,  and  the  shiny  small  leaves  make  the 
plant  a  common  ornament.  The  plant  is  grown  in  yards  and  along  the  streets  in 
its  native  region  and  its  seeds  are  easily  obtained,  e.g.  the  specimens  used  in  this 
experiment  were  obtained  from  trees  cultivated  on  the  campus  of  the  University 
of  Texas  at  Austin.  The  seed  coats  vary  from  shiny  scarlet  to  yellow  and  the 
seeds  are  referred  to  as  mescal  beans.  The  seeds  of  this  plant  were  used  by  Native 
Americans  for  various  reasons,  but  especially  as  an  agent  in  religious  rituals  dur¬ 
ing  which  visions  were  experienced  by  the  initiates  (Troike,  1962).  The  use  of 
the  seeds  of  S.  secundiflora  in  these  rituals  and  the  described  behavior  of  the 
initiate  led  to  the  inference  that  the  seeds  contain  hallucinogenic  compounds. 
However,  no  pharmacological  data  are  available  to  verify  this  effect  (Troike, 
1962).  Different  authors  have  claimed  that  all  hallucinogenic  activities  of  the 
seed  are  caused  by  its  alkaloid,  cytisine  (Troike,  1962;  Garner,  1967;  and  Hardin 
and  Arena,  1969).  However,  numerous  other  species  of  the  gQVwxs  Sophora  and 
the  family  Leguminosae  are  known  to  contain  this  and  related  alkaloids  (Moeschlin, 
1969;  and  Izaddoost,  1975)  and  do  not  cause  hallucinations.  In  a  previous  pub¬ 
lication  we  reported  that  alkaloids  by  themselves  are  not  responsible  for  the  tox¬ 
icity  of  the  seed  and  that  the  toxicity  of  the  mescal  beans  is  also  due  to  compo¬ 
nents  of  its  alkaloid-free,  50%-ethanolic  extract  (Izaddoost,  et  al,  1976).  The 
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concerted  effect  of  both  extracts  were  necessary  to  cause  death  in  animals.  These 
studies  prompted  a  reexamination  of  the  effects  of  seeds  of  Mountain  Laurel  by 
others  (Hatfield,  et  al,  1977).  Hatfield,  et  al,  1911 ,  claimed  that  the  seeds  are 
not  hallucinogenic. 

In  a  previous  report,  the  ninhydrin-reacting  compound  present  in  alkaloid- 
free,  50%-ethanolic  extract  of  the  seeds  of  S.  secundiflora  was  characterized 
and  then  measured  with  the  amino  acid  analyzer  (Izaddoost,  et  al ,  1976).  The  un¬ 
common  amino  acids  present  in  the  seeds  were  pipecolic  acid  and  its  4-hydroxy 
derivative;  both  are  found  in  other Leguminosae.  In  the  present  study,  the  separate 
effects  of  the  pipecolic  acid,  piperidine,  and  the  alkaloids  of  S.  secundiflora  as 
well  as  the  concerted  effects  of  these  compounds  in  rats  are  reported. 

EXPERIMENTAL 
Plant  Materials 

Seeds  of  S.  secundiflora  (Ort.)  DC.  were  collected  by  the  author  from  Austin, 
Texas  and  their  identity  was  verified  by  Drs.  B.  L.  Turner  and  M.  C.  Johnston 
of  the  Department  of  Botany,  University  of  Texas  at  Austin,  Texas.  The  seeds 
were  crushed  by  pliers,  hulled,  and  ground  by  machine. 

Extractions  of  Alkaloids 

Powdered  seed  (100  g)  was  extracted  in  a  Soxhlet  extractor  with  petroleum 
ether  and  then  with  chloroform  containing  a  few  drops  of  ammonium  hydroxide. 
The  chloroform  extract  (containing  alkaloids)  was  evaporated  to  dryness  m  vacuo 
(6.5  g). 

Animals 

Male  rats,  (300-330  g)  of  the  Sprague -Dawley  strain  from  the  U.S.  Plant,  Soil 
and  Nutrition  Laboratory  colony  were  used.  Rats  were  injected  subcutaneously 
with  different  levels  of  the  alkaloid  mixture  and  observing  for  24  hrs  to  obtain 
the  LDs  0-  In  these  experiments  toxic  levels  of  the  alkaloids  were  also  examined. 
When  2  different  drugs  needed  to  be  applied  in  the  same  rat,  animals  were  injected 
subcutaneously  in  the  right  and  left  side  of  the  back.  Using  this  technique,  the 
effects  of  pipecolic  acid  (prepared  in  physiological  saline,  100  mg/ml)  and  piper¬ 
idine  (prepared  in  physiological  saline,  100  /rl/ml)  were  studied. 

Chromatography 

Paper  chromatography  was  carried  out  on  Whatmann  No.  1  paper  using  n- 
butanol,  ethanol,  2N  acetic  acid  (6:2:3)  as  mobile  phase. 

Fractionation  and  Analyses  of  Alkaloids 

Samples  of  the  alkaloid  fraction  were  applied  to  thin-l^erplates  of  Adsorbosil-5 
(250  pm)  and  chromatographed  in  chloroform-methanol  (75:25).  Spots  were 
visualized  with  the  Dragendorff  reagent,  and  the  Revalues  of  the  alkaloids  were 
compared  with  those  of  authentic  standards.  The  cytisine  alkaloids  were  also 
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identified  by  a  modification  of  the  specific  color  reaction  of  White  (11).  Upon 
spraying  witli  a  1%  (W/V)  solution  of  ferric  chloride  in  chloroform-acetone  (3:1), 
the  cytisine  alkaloids  developed  an  orange -red  color.  Subsequent  spraying  with 
a  3%  solution  of  hydrogen  peroxide  caused  the  color  to  change  to  a  light  blue. 

Cytisine  was  extracted  and  crystallized  from  acetone  by  the  addition  of  ether. 
N-methylcytisine  was  synthesized  from  cytisine  according  to  the  method  of 
Cockburn  and  Marion  (1952)  for  N-ethylcytisine.  The  physical  and  chemical 
properties  of  all  these  alkaloids  were  verified  by  comparison  with  published  values 
(White,  1957;  Cockburn  and  Marion,  1952). 

RESULTS 

Cytisine  was  isolated  in  crystalline  form  from  the  alkaloid  fraction.  N-methyl-. 
cytisine  was  synthesized  from  cytisine  according  to  White  (1957)  and  Cockburn 
and  Marion  (1952)  and  used  as  a  reference  to  confirm  the  presence  of  this  alkaloid 
in  the  plant.  Anagyrine  and  sparteine  were  also  isolated  but  in  lower  quantities. 
The  IR  and  UV  spectra  and  chromatographic  behavior  of  these  alkaloids  cor¬ 
responded  to  reported  values  (White,  1957;  Cockburn  and  Marion,  1952). 

The  relative  amounts  of  alkaloids  extracted  from  seeds  of  S.  secundi flora 
estimated  by  paper  chromatography  separation  and  the  results  were  as  follows: 
Cytisine,  86%;  N-methylcytisine,  1%;  sparteine,  2%;  anagyrine,  10%;  other  alka¬ 
loids,  1%. 

To  obtain  the  LD5  0 ,  a  mixture  of  alkaloids  was  prepared  in  physiological  sa¬ 
line  to  form  a  mixture  containing  20  mg/ml.  The  alkaloid  mixture  containing 
14  mg  killed  50%  of  the  rats  within  4  hrs.  The  highest  level  of  alkaloids  which 
did  not  cause  death  to  animals  was  12  mg.  Smaller  doses  of  the  alkaloid  suspension 
(10  mg  of  alkaloids)  were  chosen  to  show  the  concerted  effect  of  alkaloids  and 
pipecolic  acid.  After  injection  of  a  suspension  of  alkaloids,  rats  gradually  became 
motionless  with  complete  closure  of  eyes  (semi-conscious)  for  a  period  of  1  hr 
and  then  resumed  normal  activity. 

Upon  injection  of  100  mg  or  more  pipecolic  acid,  no  changes  were  observed. 
However,  when  alkaloids  were  injected  after  injection  with  pipecolic  acid,  the 
%  of  deaths  increased  up  to  100%  if  the  time  elapsed  between  injection  of  pipe¬ 
colic  acid  and  the  alkaloids  was  15  min  (Table  1). 

When  100  mg  of  piperidine  was  injected  into  rats,  there  was  no  apparent  effect 
on  rats.  When  rats  were  injected  with  alkaloids  and  then  with  piperidine  (10  mg 
and  50  jul/rat  respectively),  they  reacted  differently  with  respect  to  the  time 
intervals  between  injections  and  the  order  of  compounds  injected  (Table  2). 

DISCUSSION 

The  different  degrees  of  toxicity  of  S.  secundiflora  is  attributed  to  their  alka¬ 
loid  content  by  different  authors  (Troike,  1962;  Garner,  1967;  and  Hardin  and 
Arena,  1969).  The  present  study  does  not  agree  with  this  finding.  This  report 
shows  that  the  combined  effects  of  alkaloids  and  pipecolic  acid  is  necessary  for 
the  lethal  toxicity  of  the  seeds  to  occur.  When  10  mg  of  the  alkaloid  mixture, 
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TABLE  1 

The  Effects  of  Separate  and  Combined  Injection  in  Rats^  of  50  Mg  Pipecolic  Acid  and 
10  Mg  of  Alkaloids  from  Seeds  of  Sophora  Secundiflora 


Time 

%  Dead 

First 

Second 

Elapsed^ 

Reactions 

Animals 

Injection 

Injection 

(min) 

1st  hr 

2nd  hr 

3rd  hr 

after  24  hr 

Alkaloids 

0 

0 

S^ 

S&N 

N 

None 

Pipecolic 

acid 

0 

S&D 

S&D 

S 

33 

99 

5 

S&D 

S&D 

S&N&D 

33 

99 

99 

10 

S 

S&D 

S&N&D 

22 

” 

99 

15 

S 

S 

S&N&D 

17 

Pipecohc 

acid 

0 

0 

N 

N 

N 

None 

Alkaloids 

5 

S&D 

S&D 

S 

44 

99 

10 

S&D 

S&D 

s 

50 

” 

99 

15 

D 

... 

... 

100 

” 

30 

S&D 

S&D 

S&N 

33 

” 

60 

S 

S 

s 

None 

^For  each  step  6  rats  were  used  and  the  experiment  repeated  3  times  (18  rats). 
^Time  elapsed  after  first  injection  to  the  start  of  the  2nd  injection. 
^Abbreviations:  N  =  normal;  S  =  semiconscious;  D  =  dead. 


TABLE  2 

The  Effects  of  Separate  and  Combined  Injections  in  Rats  of  50  /i  ^Piperidine  and 
10  Mg  Alkaloids  from  Seeds  of  Sophora  Secundiflora 


Average 
wt  of  9 
rats  (gm) 

First 

Injection 

Second 

Injection 

Time 

Elapsedt^^ 

(min) 

1st  hr 

Reactions 

2nd  hr 

3rd  hr 

%  Rats 
Dead 
after 

12  hr 

Average 
temp.  *C 
in  5th  hr 

350 

piperidine 

0 

0 

Nb 

N&S 

N 

None 

32.5 

294 

99 

alkaloids 

15 

S 

S 

S&D 

66 

30^ 

290 

99 

0 

S&D 

S&D 

D 

100 

30.5 

325 

alkaloids 

piperidine 

15 

S&D 

S&D 

S&D 

77 

29.5 

^Time  elapsed  after  first  injection  to  the  start  of  the  second  injection. 
^Abbreviations,  N  =  normal;  S  =  semiconscious;  D  =  dead. 

^At  the  time  of  death  the  temperature  dropped  to  27.5  C. 


obtained  from  seeds  of  S.  secundiflora  were  injected  to  rats,  they  showed  a  lower 
degree  of  toxicity  (immobilization)  for  a  period  of  1  hr  and  then  recovered.  How¬ 
ever,  12  mg  or  lower  of  alkaloid  mixture  did  not  cause  deaths.  Doses  of  100  mg 
of  pipecolic  acid  had  no  apparent  effect  on  rats.  When  pipecolic  acid  was  injected 
prior  to  the  alkaloids,  the  effect  of  the  mixture  was  enhanced  (Table  1).  It  has 
been  reported  that  pipecolic  acid  decarboxylates  to  its  amine,  piperidine, in  brain 
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and  kidney  homogenates  (Kase,  et  al,  1967).  To  show  the  effects  of  piperidine, 
this  compound  with  and  without  alkaloids  was  injected  to  rats  (Table  2).  This 
experiment  showed  that  the  lethal  toxicity  of  alkaloid  mixture  was  enhanced  in 
the  presence  of  piperidine.  Therefore,  it  seems  reasonable  to  assume  that  pipe- 
colic  acid  is  converted  to  piperidine  (PK^  =  2X10"^),  possibly  in  the  vicinity  of 
the  brain  tissues. 

In  these  studies  the  synergistic  effects  of  alkaloids  and  one  of  the  compounds 
of  alkaloid -free,  50%  ethanolic  extract  of  seeds  of  S.  secundiflom  are  examined, 
the  mechanism  of  which  needs  to  be  clarified.  There  may  be  other  compounds 
present  in  this  extract  which  may  also  cause  enhancement  of  the  pharmacological 
activities  of  the  alkaloid,  e,g.  4-hydroxypipecolic  acid  may  also  enhance  the 
pharmacological  activities  of  the  alkaloids,  all  of  which  need  to  be  studied. 

ACKNOWLEDGEMENTS 

I  express  my  thanks  to  Ms.  Ellen  F.  Ledger  for  her  help  during  this  study.  This 
paper  was  read  by  Dr.  W.S.  Schwark  from  the  Department  of  Pharmacology, 
Veterinary  College,  Cornell  University  and  Dr.  J.F.  Thompson. 

This  work  was  in  part  supported  by  a  grant  from  the  Iranian  Ministry  of  Science 
and  Higher  Education  Research  Development  Council.  The  author  appreciates 
the  support  provided  by  the  University  of  Tehran  and  the  Ministry  of  Higher  Ed¬ 
ucation  of  Iran. 

LITERATURE  CITED 


Cockburn,  W.  F.,  and  Leo  Marion,  1972-Papilionaceous  alkaloids  XV.  Can  J.  Chem.,  30:92. 

Garner,  R.  J.,  1967-/«  Williams  and  Wilkins  (Eds.),  Veterinary  Toxicology.  Baltimore,  Md., 
p.  350. 

Hardin,  J.  W.,  and  B.  M.  Arena,  1969 -Human  Poisoning  from  Native  and  Cultivated  Plants. 
Duke  University  Press,  Durham,  N.C.,  p.  351. 

Hatfield,  G.  M.,  L.  J.  J.  Valdes,  W.  J.  Keller,  W.  L.  Merrill  and  V.  H.  Jones,  1977-An  investi¬ 
gation  of  Sophora  secundiflora  seeds  (mescal  beans).  Lloydia,  40:374. 

Izaddoost,  M.,  1975-Alkaloid  chemotaxonomy  of  X\\q  genm  Sophora.  Phytochem.,  14:203. 

- ,  B.  G.  Harris,  and  R.  W.  Gracy,  1976-Structure  and  toxicity  of  alkaloids  and 

amino  acids  of  Sophora  secundiflora.  J.  Pharm.  Sci.,  65:352. 

Kase,  Y.,  M.  Kataoka,  and  T.  Miyata,  1961— In  vitro  production  of  piperidine  from  pipecolic 
acid  in  the  presence  of  brain  tissue.  Life  Sci.,  6:2427. 

Moeschlin,  S.,  1969 -Poisoning,  Grune  and  Stratton,  New  York,  N.  Y.,  p.  524. 

Troike,  R,  C.,  1962-The  origin  of  plains  mescalism,  Amer.  Anthropol,  64:946. 

White,  E.  P.,  1957-Alkaloids  of  the  Leguminosae.  N.Z.J.  Sci  Technol.,  B38:707. 


ili-:  '^'  ■  ''  ;■  ''tmr:''- 


m 


;;  ':  ,0  Vi'1^.  ■ 


,;V>;^^"!  .r'< 


.'  ^ :  'Ki  ■^'  -r-b^.Txhr  • 


I 


■(A.'!'’'  , ,4 


.*■  '■,  '■}  \,  '-n.  ?:10' " 


--  V  ■  „4 

>::;;  ^^,;v  ^  ini-  -!  .;,  ,'  , 


%rp.  ■ 
&'■  "■ 

S>^.. .  ’  a.. 


f:y  ■  ,  ...  ^ _ 

<'  VjjT’ 


'  '  a, 
\yf  >.%• 


i- 


i;  f  ‘.  n  34.'  loV  ' '.  ■  ■  .i'  i  ’:P.  ‘ '  '**  '  '' 

■ ',/  ■'••'  .^'C  wl.;  ;■  . /■  ■  ,;-"?t' v.-/^'  ■ '' '• '  •'*  .•■  !;•/  'I 

.  . . .,^ f  ■  ^  f  vfV'''**  \7^i  r^^.  vi‘>V 


I:' 

f’i''  '.•  ..i-h-r-K;';-'  mV*.'  ,.  ^  '  -'  'W  f  lir  V. 

1;;' ^ .  .-rr -  .'  • '  ’ .  ■ 


''i'  mr‘ 


'  .i  -  i  „  ’  .  Vu- 

'  •ifiijf':'.-')'  _ 

..  ,  „  vv^'nvY'i'iV-  ■,  .„  '  ■ 


'iv 


... 


J '-■'?; 


' , .-.  '  '  '  '  .  ,^ 

,  nrC 


'  v'l' 


■.Xf. 


i\»j 


Vi'  ■  :/u^v,.v.'.^  V’ 


;■ .  >  ■  ■.■..■  ;V\  .wv  ■  ?v  .M.. '-i>UW C A 


jira  (}  ./*•!■  ^  '.■•  *  •’  ’  '  /  . 


'LiJsMi.jii  ■  E 


'<* ■'  3Uj^' 


L'/'", ' ' .'  '‘.'’i  i  5 


">«“»5aKW  '  '■  ‘-r’” '■■’ 


■  ■  i  ■ 


ISOLATION  BY  BLOCK  ELECTROPHORESIS  OF  IMMUNOREG- 
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ABSTRACT 


I  m  mu  no  regulatory  alpha  globulin  (IRA)  activity  was  isolated  by  Geon-Pevikon  block 
electrophoresis  of  serum  from  normal  and  Listeria  infected  guinea  pigs.  These  serum  fractions 
were  able  to  suppress  the  PHA  stimulation  of  normal  lymphocytes.  The  majority  of  the  sup¬ 
pressive  activity  was  found  in  the  alpha-beta  globulin  fractions  with  greater  amounts  in  serum 
from  Listeria  infected  animals.  The  appearance  of  this  IRA-like  activity  peaked  18  days 
post-infection  whereas  skin  test  and  macrophage  migration  inhibition  responsiveness  peaked 
earlier.  Since  the  block  electrophoretic  method  allows  the  separation  of  larger  amounts  of 
serum  than  previous  DEAE-cellulose  chromatographic  techniques,  it  is  an  excellent  prepar¬ 
ative  step  for  isolating  IRA  fractions. 

INTRODUCTION 

Immune  responses  following  infection  with  Listeria  monocytogenes  may  in¬ 
volve  stimulation  of  both  specific  T-lymphocytes  and  non-specific  B-lymphocytes. 
Secondarily,  these  stimulated  lymphocytes  activate  macrophages  to  provide  im¬ 
munity  (Campbell,  et  al,  1974;  Cohen,  et  ai,  1975;  Krahenbuhl,  et  al,  1973; 
Lane  and  Unanue,  1972;  North,  1973;  Petit  and  Unanue,  1974;  Rodriguez,  etal, 
1974).  Serum  antibody  is  reported  to  be  non-protective  against  Listeria  (Fulton, 
etal,  1975 ;  Mackaness,  1962;Osebold  and  Sawyer,  1957);  however,  other  serum 
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factors  such  as  immunoregulatory  alpha  globulin  (IRA)  may  regulate  lympho¬ 
cyte  responsiveness  towards  these  antigenic  stimulations.  The  presence  of  IRA  is 
probably  the  normal  result  of  antigen  sensitization  and  possibly  represents  a  bio¬ 
logical  control  mechanism  (Burger,  et  al,  1973).  IRA  isolated  from  semm  by 
chromatographic  techniques  has  been  shown  to  inhibit  a  wide  variety  of  cell 
mediated  immune  responses  in  vitro  and  in  vivo  (Cooperband,  et  al,  1968,  1969; 
David,  et  al,  1971;  Kamrin,  1959;  Mannick  and  Schmid,  1967;  Mowbray,  1963; 
Riggio,  et  al,  1969).  Suppression  of  PHA  stimulation  has  been  used  frequently 
as  an  in  vitro  assay  of  IRA  activity  (Cooperband,  etal,  1968, 1969, 1972;  Riggio, 
etal,  1969). 

Since  Listeria  has  been  used  as  a  non-specific  immunostimulant  for  immunity 
to  various  microorganisms  and  tumors  (Youdim,  et  al,  1974;  Bast,  et  al,  1975a, 
b;  Fulton,  et  al,  1975;  Youdim,  1976),  it  is  important  therefore,  to  assess  if  the 
appearance  of  IRA  following  exposure  to  Listeria  would  possibly  negate  its 
beneficial  effects. 

This  study  reports  the  isolation  of  serum  fractions  containing  immunosup¬ 
pressive  activity  following  separation  by  Geon-Pevikon  block  electrophoresis.  The 
IRA-like  activity  was  present  in  normal  guinea  pig  serum  but  found  in  greater 
amounts  in  serum  from  Listeria  infected  animals.  The  appearance  of  IRA  activity 
following  infection  was  correlated  with  the  development  of  skin  test  responsive¬ 
ness  and  macrophage  migration  inhibition  activity. 

MATERIALS  AND  METHODS 

Outbred  500  g  guinea  pigs  of  either  sex  in  groups  of  6  were  injected  I.V.  with 
1  X  10^  viable  L.  monocytogenes,  serotype  1  in  a  0.1  ml  volume.  At  various  times  ! 
after  infection,  the  groups  of  animals  were  skin  tested  with  10  jUg  of  Listeria  cell  S 
wall  antigen,  previously  described  (Paquet,  et  al,  1975).  Twenty-four  hours 
later  serum  was  aseptically  collected  for  block  electrophoresis  and  oil-induced 
peritoneal  exudative  cells  were  harvested  for  macrophage  migration  inhibition 
tests  using  the  method  of  Harrington  and  Stastny  (1973).  I 

The  Geon-Pevikon  block  electrophoresis  procedure  of  Fahey  and  McLaughlin  j 
(1963)  was  used  to  fractionate  the  pooled  serum  samples.  Fractions  were  eluted  | 
from  the  block  slices  (1  cm  width)  using  a  0.15M  saline,  dialyzed,  concentrated  f 
using  an  Amicon  UM05  ultrafiltration  membrane  and  filter  sterilized.  Atypical  ii 
block  profile  is  seen  in  Fig.  1.  In  general,  slices  17-25  were  pooled  and  labeled  ij 
“alpha-beta”  fractions  while  slices  27-34  were  pooled  and  labeled  “albumin.”  I 
Immunoelectrophoresis  revealed  both  pools  contained  mixtures  of  protein  with  j 
some  overlap  between  the  pools.  j 

Lymphocyte  cultures  were  set  up  in  a  block  design  with  3  doses  of  each  i 
serum  fraction  and  3  doses  of  PHA,  to  assay  for  IRA  activity  (Table  1).  Whole  j 
guinea  pig  blood  from  a  single  non-infected  animal  was  diluted  1:25  in  RPMI  i 
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Figure  1.  Optical  density  profile  of  electrophoretically  separated  serum. 


TABLE  1 

PHA  Induced  DNA  Synthesis^  in  Lymphocyte  Cultures  Treated  with 
Electrophoretically  Separated  Serum  Proteins 


1:5 

PEA  Dilutions^ 

1:10  1:50 

1:5 

1:10 

1:50 

Fraction  (mg/ml) 

Normal  Serum 

Listeria  Serum 

Albumin 

3.1 

8,548  ± 

iC 

935 

3,948  ±  303 

59* 

6,032  ±  706 

75* 

1096  ±  183 
87*# 

897  ±  51 

91*# 

3,253  ±  394 
87*# 

1.5 

11,136  ± 
0 

76 

7,143  ±  1413 
26* 

10,106  ±  770 

58* 

2889  ±  158 
66*# 

2106  ±  63 
78*# 

7,774  ±  772 
68*# 

0.7 

10,745  ± 
0 

1964 

10,054  ±  4845 

0 

10,727  ±  299 

56* 

4281  ±  424 
50*# 

3514  ±  102 
63*# 

11,308  ±  631 
54* 

Alpha-Beta  3 . 1 

6,519  ± 
24 

306 

1,731  ±  201 

82* 

3,082  ±  31 

87* 

1000  ±  244 
88*# 

902  ±  16 

91*# 

2,113  ±  195 
91*# 

1.5 

9,927  ± 
0 

1655 

5,635  ±  1206 
41* 

5,902  ±  139 

76* 

N.D. 

1694  ±  146 
82*# 

5,006  ±  299 
79* 

0.7 

9,173  ± 
0 

690 

6,432  ±  138 

33* 

8,344  ±  344 

66* 

2908  ±  486 
66*# 

1936  ±  149 
80*# 

7,371  ±  137 
69* 

^  Values  =  average  counts  per  min  (CPM)  ±  S.E. 

^  0.1  ml  of  PHA  [stock  PHA  (5  ml,  Difco)  diluted  1:5,  1:10,  or  1:50  in  saline] 

r  Ave.  CPM  cells  +  Fraction  +  PHA 

Values  below  CPM  =  %  Suppression  =  (1  - -  )  x  100 

Ave.  CPM  cells  +  PHA 

*  Significantly  different  from  control  values  (P  <  .01)  as  determined  by  t-test  analysis. 

#  Significantly  different  from  corresponding  normal  serum  treatments  (P  <  .01). 

N.D.  -  Not  Done 

Stimulation  of  cell  controls:  Cells  alone  =  338  ±  26,  cells  plus  PHA  1:5  =  8618  ±  1257,  cells 
plus  PHA  1:10=  9597  ±552,  cells  plus  PHA  1:50=  24,347  ±  1549. 
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1630  medium  containing  penicillin  (100  units/ml,  streptomycin  (100  /ig/m\), 
L-glutamine  (2m  moles/ml),  heparin  (20  units/ml,  and  HEPES  buffer  (0.01m 
moles/ml)  and  dispensed  in  2  ml  volume  into  disposable  culture  tubes.  Appro¬ 
priate  cell  cultures  in  triplicate  received  the  various  combinations  of  serum  frac¬ 
tions  and  PHA-M  (Difco).  Controls  consisted  of  cells  alone,  cells  plus  serum 
fractions  alone,  and  cells  plus  PH  A  alone.  Cultures  were  incubated  at  37  C  in  a 
humidified  air  atmosphere  for  3  days.  One  day  prior  to  harvest,  1  nCi  of  tritiated 
thymidine  (3H-TdR,  specific  activity  5  Ci  mM,  Amersham  Searle  Corp.)  in  a 
0.1  ml  volume  was  added  to  each  culture.  Cultures  were  harvested  on  glass-fiber 
filters,  washed  with  3%  (v/v)  acetic  acid,  0.1 5M  saline,  5%  trichloroacetic  acid, 
and  methanol.  Filters  were  then  placed  in  scintillation  vials  with  10  ml  of  scintil¬ 
lation  cocktail  and  counted  in  a  Packard  Tri-Carb  liquid  scintillation  spectrometer. 
Suppression  of  the  PHA  response  was  measured  by  comparing  the  radioactive 
counts  of  cells  in  the  presence  of  serum  fractions  plus  PHA  to  the  counts  of  cells 
exposed  to  PHA  alone  (Table  1).  The  viabilities  of  experimental  cultures  did  not 
differ  from  controls  as  determined  by  trypan  blue  exclusion.  Likewise,  the  counts 
per  min  of  control  cells  in  the  presence  of  serum  fractions  were  not  significantly 
different  from  the  counts  of  cells  cultured  alone  by  t-test  analysis. 

RESULTS 

Results  in  Table  1 ,  using  pooled  serum  obtained  3  weeks  after  infection,  show 
that  IRA  activity  can  be  isolated  by  the  block  electrophoresis  procedure.  In  gen¬ 
eral,  Listeria  serum  had  more  immunosuppressive  activity  (14/17  combinations) 
than  normal  serum  regardless  of  the  serum  or  PHA  concentrations  when  analyzed 
in  pair-wise  combination  via  t-test  analysis. 

The  majority  of  the  activity  appears  to  be  present  in  the  alpha-beta  fraction 
in  both  serum  sources.  For  example,  at  the  lowest  concentration  tested  (700 
jug/ml)  when  comparing  the  response  to  a  PHA  dilution  of  1:50,  the  Listeria 
alpha-beta  fractions  suppressed  the  response  by  69%  vs.  54%  by  the  albumin 
fractions.  As  the  PHA  concentration  is  raised  10  fold  (to  a  1:5  dilution),  the 
alpha-beta  fraction  still  suppresses  the  response  by  66%  vs.  50%  by  the  al¬ 
bumin  fraction.  In  both  cases  the  suppression  by  the  alpha-beta  fraction  was 
significantly  higher  (p  <  .01). 

The  suppressive  effects  by  normal  serum  at  a  PHA  dilution  1:50  could  be 
completely  overcome  by  increasing  the  concentration  of  PHA  10  fold  to  a  1:5 
dilution.  This  agrees  with  the  work  of  others  (Cooperband,  et  al,  1969,  1972) 
who  have  suggested  that  the  inhibition  is  not  a  simple  competitive  mechanism 
since  there  is  no  linear  effect.  The  suppression  induced  by  Listeria  serum  was 
never  completely  overcome  by  increasing  the  PHA  concentration.  This  is  the 
most  obvious  point  of  difference  between  the  2  sources  of  serum.  This  probably 
reflects  a  quantitative  difference  in  the  amount  of  IRA  material  present.  Pre¬ 
sumably,  we  could  have  used  much  lower  doses  of  the  Listeria  serum  and  still 
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obtained  suppression.  Ferebee,  al,  (1977)  reported  peak  IRA  activity  in  block 
electrophoretic  fractions  on  day  15  post  sensitization  of  guinea  pigs  with  BSA. 
They  also  tested  separated  fractions  at  lower  concentrations  and  reported  50% 
suppression  of  PHA  response  with  as  little  as  4  jUg  of  IRA.  Since  immunoelectro- 
phoresis  revealed  our  fractions  contained  several  overlapping  precipitin  bands,  the 
active  material  probably  represents  only  a  small  portion  of  the  total  amount  of 
protein  measured.  However,  the  concentrations  used  here  are  similar  to  those 
used  by  others  (Cooperband,  et  al,  1968,  1969;  Glasgow,  et  al,  1972;  Riggio, 
etal,  1969). 

In  other  experiments,  this  IRA  activity  could  be  demonstrated  in  serum  of 
guinea  pigs  sensitized  to  the  killed  L.  monocytogenes  (data  not  shown);  so  the 
serum  suppressive  effects  are  not  due  to  the  production  of  biologically  active 
molecules  into  the  serum  by  the  live  Listeria.  Additionally ,  the  presence  of  Listeria 
cell  wall  antigen  itself  does  not  inhibit  the  PHA  response. 


TABLE  2 

Assessment  of  Cell  Mediated  Responses  and  IRA  Activity  at  Various 
Times  Post  Infection  with  Listeria  monocytogenes 


Days  After 
Sensitization 

Skin  TesL^ 

Macrophage 

Migration® 

IRA  Activity^ 
Albumin  Alpha-Beta 

4n*  =  4 

3.75  ±  .75 

99.00  ±11.00 

N.D.®* 

N.D. 

6n  =4 

8.63  ±1.03 

74.50  ±11.00 

N.D. 

N.D. 

12n  =  7 

10.14  ±0.61 

63.14  ±  4.82 

34 

55 

18  n  =4 

9.38  ±0.55 

56.00  ±  5.46 

45 

99 

24  n  =  7 

9.43  ±0.55 

67.29  ±  3.26 

0 

72 

^  Average  diameter  (mm)  ±  S.E.  of  indurated-erythematous  reaction  of  skin  tests  made  by 
intradermal  injection  of  10  /tg  Listeria  antigen  in  0.1  ml  and  read  24  hr  later. 

®  Percent  migration  ±  S.E.  of  cells  cultured  with  5  jUg  mf^  Listeria  antigen  compared  to 
cells  cultured  in  media  alone. 

^  Percent  suppression  of  PHA  induced  DNA  synthesis  (PHA  1:10,  serum  fractions  at  1.5 
mg  ml  ^). 

N.D.,  Not  Done. 

*  n  =  number  of  animals/group. 

Table  2  summarizes  the  data  comparing  the  occurrences  of  the  IRA  activity 
to  skin  test  responsiveness  and  macrophage  migration  inhibition  data  at  various 
times  post-infection.  Serum  was  pooled  from  all  animals  in  each  group.  IRA  sup¬ 
pressive  activity  was  measured  by  using  an  intermediate  concentration  (1 .5  mg/ml) 
of  serum  fractions  and  a  PHA  dilution  of  1:10.  IRA  activity  reached  a  peak  18 
days  post-infection  when  the  PHA  response  was  suppressed  99%  by  the  “alpha- 
beta”  fraction.  Skin  test  activity  peaked  earlier  (day  12)  but  remained  fairly  con¬ 
stant  from  day  6  through  day  24  and  apparently  was  not  affected  by  the  amount 
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of  IRA  activity  present  in  the  plasma  of  the  individual  animal.  The  inhibition  of 
macrophage  migration  became  positive  (below  80%)  by  day  6  and  remained 
positive  through  day  24.  Hence,  as  early  as  day  6  following  infection,  both  skin 
tests  and  macrophage  migration  inhibition  tests  are  positive,  whereas  peak  IRA 
activity  follows  later.  Other  investigators  have  reported  increased  IRA  activity 
following  sensitization  (Ablin,  1972;  Hsu  and  LoGerfo,  1972;  McFarlin  and 
Opperheim,  1969;  Riggio,  et  al,  1969).  Burger,  et  al,  (1973)  followed  alpha 
globulin  changes  during  development  of  cellular  immunity  and  found  that  alpha 
globulin  levels  reached  a  peak  3-6  days  after  initial  sensitization  with  chemical 
and  allogenic  skin  sensitization.  Our  peak  IRA  activity  following  live  Listeria 
infections  occurred  later  (day  18).  These  differences  may  reflect  differences  in 
antigens,  continued  stimulation  by  live  Listeria,  or  route  of  sensitization.  Ad¬ 
ditionally,  we  are  measuring  IRA  activity  rather  than  quantitation  of  alpha  glob¬ 
ulin  levels  via  disc  gel  electrophoresis. 

DISCUSSION 

In  conclusion,  this  block  electrophoretic  method  will  provide  a  rapid  initial 
fractionation  step  of  large  amounts  of  serum,  for  the  investigator  interested  in 
studying  the  cellular  control  mechanisms  that  enable  IRA  to  suppress  immuno¬ 
logical  phenomena.  As  much  as  2  g  of  protein  can  be  separated  on  1  block  com¬ 
pared  to  smaller  amounts  on  conventional  DEAE-cellulose  columns.  Hence, 
electrophoretic  separation  should  provide  an  excellent  preparative  step  for  iso¬ 
lating  IRA  fractions  prior  to  further  treatment  to  isolate  the  peptide  which  is 
reported  to  be  non-covalently  linked  to  serum  alpha-globulins  (Constantian,  ef 
al,  1977;  Nelken,  1973;  Nimberg,  et  al,  1975;  Occhino,  et  al,  1973).  Work  is 
being  continued  in  these  directions.  Secondly,  as  seen  by  the  data  in  Table  2, 
although  IRA  does  appear  and  can  be  concentrated  from  pooled  serum  samples 
by  electrophoresis,  the  appearance  or  amount  of  IRA  in  the  individual  animal 
did  not  interfere  with  skin  test  activity  or  macrophage  migration  inhibition.  Since 
both  of  these  responses  were  positive,  this  indicates  the  immune  system  was 
functioning  properly  to  recognize  the  specific  Listeria  antigens.  Thus,  any  IRA 
that  appears  following  sensitization  in  the  individual  should  not  negate  the  pro¬ 
tective  or  immunostimulatory  effects  induced  when  Listeria  is  used  as  a  means 
of  microbial  or  tumor  therapy. 
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ABSTRACT 

Dry  seeds  of  fenugreek  exposed  to  10  kR  of  gamma  radiation,  then  soaked  in  water, 
showed  a  decrease  in  the  basic  protein  and  globulin  content  of  both  cotyledons  and  embryos 
during  germination.  Albumin  contents  were  not  affected  by  irradiation,  even  after  48  h 
of  germination.  The  electrophoretic  patterns  of  the  isolated  proteins  from  the  embryos  and 
cotyledons  indicated  radiation  effects  after  6  h  of  hydration  in  the  basic  proteins  of  the 
embryos  and  after  12  h  of  hydration  in  the  cotylendonary  albumins.  Globulin  electrophoretic 
patterns  were  not  changed. 

During  the  early  days  of  germination,  stored  proteins  are  hydrolyzed  and  translocated 
from  storage  sites  in  the  cotyledons  to  cell  division  sites  in  the  embryo,  where  the  amino 
acids  are  synthesized  into  new  proteins  simultaneously  at  all  active  sites.  The  results  of  this 
study  show  that  the  basic  protein  and  globulin  contents  in  both  irradiated  cotyledons  and 
embryos  were  depressed  during  certain  intervals  of  inhibition,  indicating  a  stimulatory  effect 
by  radiation  on  the  hydrolytic  exzymes  involved  in  the  breakdown  of  those  proteins. 

INTRODUCTION 

Various  proteins  have  been  reported  to  be  resistant  to  radiation-induced 
breaks  in  their  peptide  chains  (Van  Huystee,  1971).  Gamma  irradiation  with 
1  to  5  X  10^  rads,  however,  increased  the  apparent  biuret  protein  content  in 
wheat  seeds  (O’Hara,  1969).  Liu  (1973)  observed  an  increase  in  the  protein 
content  of  3-week  old  seedlings  from  gamma  irradiated  (10  kR)  fenugreek  seeds. 

Protein  synthesis  was  more  sensitive  to  X-rays  in  young  than  in  older  rye 
seedlings  (Sissakian,  1956).  The  mitotic  delay  in  cell  populations  in  cultured 
irradiated  roots  of  pea  was  probably  caused  by  inhibition  of  protein  synthesis, 
as  interpreted  by  Jacks  and  Kavacs  (1970).  Thus,  it  is  possible  that  irradiation 
alters  the  nature  of  proteins,  their  rate  of  synthesis,  and/or  their  distribution  in 
germinating  seeds. 

This  study  investigates  the  content,  distribution,  and  electrophoretic  mobility 
of  albumins,  globulins,  and  basic  proteins  in  germinating  fenugreek  seeds  as 
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affected  by  Co-gamma  radiation.  The  distribution  of  proteins  in  seedling 
components  is  a  result  of  the  synthesis  and  hydrolysis  of  such  proteins,  thus 
reflecting  the  radiation  effects  on  the  proteolytic  and  synthetic  enzymes. 

MATERIALS  AND  METHODS 

Dry  unsterile  seeds  of  fenugreek  {Trigonella  foenum-graecum  L.)  were  exposed 
to  10  kiloroentgens  (kR)  of  gamma  radiation  from  a  ^^Co  source  at  room  tem¬ 
perature  and  under  aerobic  conditions.  Both  the  treated  and  non-irradiated  control 
seeds  were  immediately  hydrated  with  twice  their  dry  weight  of  sterile  distilled 
water  and  kept  in  sterile  petri  dishes  in  a  dark  room (20  C)  for  6, 12, 24,  and  48  h. 
No  microbial  growth  was  observed  under  these  conditions.  The  amount  of  water 
added  to  the  seeds  to  allow  for  maximum  possible  absorption  was  previously 
determined.  At  the  end  of  each  period  of  hydration,  the  seed  coats  were  removed, 
and  the  cotyledons  were  separated  from  the  embryos.  The  embryos  and  cotyledons 
were  weighed,  and  3.5  g  of  each  was  used  for  protein  extraction  (3.0  g  for  electro¬ 
phoresis  and  0.5  g  for  protein  quantitation).  The  procedure  for  protein  extraction 
was  similar  to  that  of  Juo  and  Stotzky  (1970).  The  method  of  Lowry,  et  ai,  (195 1) 
was  used  to  determine  the  protein  content  in  each  sample.  For  vertical  gel  electro¬ 
phoresis,  the  separated  albumin,  globulin,  and  basic  protein  solutions  were  con¬ 
centrated  by  70%  (NH4)2  SO4.  The  solution  was  stirred  and  centrifuged  at 
9,000  X  g  for  20  min  at  4  C.  The  residue  was  dissolved  in  1  ml  0.1  M  phosphate 
buffer,  pH  7.0,  for  albumins  and  globulins  and  in  1  ml  0.05  N  acetic  acid  for  basic 
proteins.  The  protein  solutions  were  dialyzed  separately  against  running  tap  water 
for  about  6  h.  The  dialyzed  bags  were  buried  in  PVP-360  (polyvinylpyrrolidinone, 
SigmalChemical  Company)  overnight  at  4  C.  One  hundred  jil  of  sample  solvent 
(6  M  urea  in  0.04  M  Tris-glycine  buffer,  pH  8.9,  for  albumins  and  globulins;  6  M 
urea  in  0.28  M  p  alanine -acetate  buffer,  pH  4.5,  for  basic  proteins)  was  injected 
into  the  dialysis  bags,  the  insides  of  the  bags  were  washed  thoroughly  with  the 
sample  solvent,  and  their  contents  were  placed  into  separate  vials.  A  few  crystals 
of  bromophenol  blue  were  added  to  the  albumin  and  globulin  samples,  and  a 
small  quantity  of  malachite  green  was  added  to  the  basic  protein  samples. 

Electrophoresis  of  basic  proteins,  as  described  by  Reisfeld,  er  al. ,  (1962),  and 
of  albumins  and  globulins,  as  described  in  the  Technical  Bulletin  #140  of  E-C 
Corp.,  was  conducted  in  an  E-C  470  vertical  Gel  Electrophoretic  Cell  (E-C 
Apparatus  Corporation, Philadelphia, Pa.).  Gel  concentration  for  the  basic  proteins 
was  15%  polyacrylamide  for  the  10  cm  running  gel  and  4%  for  the  2  cm  spacer 
gel.  For  the  albumins  and  globulins,  concentrations  were  7.5%  and  4%,  respectively. 
P  alanine -acetate  buffer,  pH  4.5,  and  Tris-glycine,  pH  8.3,  were  used  as  the  elec¬ 
trode  buffers  for  the  basic  proteins,  and  the  albumins  and  globulins,  respectively. 

Electrophoresis  was  carried  at  50  ma  until  samples  were  completely  stacked 
in  the  spacer  gel,  then  a  current  of  100  ma  was  maintained  until  samples  traveled 
6  to  7  cm  in  the  running  gel.  Each  gel  slab  was  allowed  to  remain  overnight  in  a 
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Stain  composed  of  0.25%  amido  black  lOB  in  a  5:5:1  (by  volume)  solvent  of 
methanol: distilled  water :glacial  acetic  acid. 

Destaining  was  carried  out  according  to  the  procedure  in  Technical  Bulletin 
#137  of  E-C  Corp.  in  an  E-C  479  Electrophoretic  Destainer  (E-C  Apparatus 
Corporation,  Philadelphia,  Pa.),  using  an  8:8:1  (by  volume)  solvent  of  methanol: 
water:glacial  acetic  acid.  A  current  of  3  to  4mawas  applied  for  20 min.  The  mean 
value  of  the  various  protein  contents  of  the  seed  components  were  calculated  for 
each  treatment  and  the  standard  error  of  each  mean  was  computed.  The  comparison 
among  the  electrophoretic  patterns  were  visually  done  by  observing  the  number 
of  bands  and  the  differences  in  their  mobilities. 

RESULTS 


Content  and  Electrophoretic  Patterns  of  Basic  Proteins  in  Cotyledons  and  Embryos 
Irradiation  resulted  in  a  decrease  in  the  basic  protein  content  in  both  cotyledons 
and  embryos  as  compared  to  that  of  the  controls  only  after  6  h  of  soaking  (Table  1). 

TABLE  1 


Basic  Protein  Content,  in  mg/g  Fresh  Weight,  of  Fenugreek  Seed 
Components  (Values  are  Means  of  4  Replicates  ±  S.E.M.) 


Soaking 

(hours) 

Treatment* 

Cotyledons 

Embryos 

6 

C 

32.3  ±2.87 

35.3  ±3.07 

T 

23.9  ±0.67 

27.3  ±2.56 

12 

C 

25.2  ±0.52 

25.6  ±0.68 

T 

26.1  ±  1.43 

25.2  ±  1.06 

24 

C 

24.9  ±0.39 

26.7  ±0.74 

T 

25.0  ±0.39 

25.8  ±0.62 

48 

C 

24.8  ±0.34 

17.0  ±0.51 

T 

23.9  ±  0.43 

17.4  ±0.42 

*  C  =  non>irradiated  control 
T  =  irradiated  with  10  kR  gamma  rays  of  ^  ®Co 


In  both  seedling  components,  there  were  no  significant  differences  between  ir¬ 
radiated  and  non-irradiated  seeds  for  the  rest  of  the  48  h  period.  There  was  a 
steady  decline  in  the  basic  protein  content  of  all  embryos  as  they  advanced  in 
germination,  whereas  that  of  the  cotyledons  remained  constant  after  an  initial 
decline. 

Figures  1  and  2  are  diagrammatic  replicas  of  the  electrophoretic  patterns  of 
the  basic  proteins  extracted  from  the  cotyledons  and  embryos,  respectively. 
There  was  no  difference  between  irradiated  and  non-irradiated  seeds  in  the  number 
of  bands  in  the  cotyledons  during  the  48  h  period,  although  there  was  a  change 
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Figure  1.  Electrophoretic  patterns  of  basic  proteins  from  cotyledons  of  fenugreek  seeds 
extracted  after  various  soaking  intervals  in  water.  C  refers  to  non-irradiated 
control;  T  refers  to  radiation  treatment;  6,  12,  24,  and  48  are  hours  of  soaking. 

in  the  pattern  between  the  first  12  and  the  last  36  h  (Fig.  1).  Irradiation  also 
resulted  in  no  changes  in  the  number  of  bands  from  the  embryos,  except  at  6  h, 
where  there  were  differences  in  mobilities  of  some  bands  between  the  irradiated 
and  non-irradiated  seeds  (Fig.  2). 

Content  and  Electrophoretic  Patterns  of  Albumins  in  Cotyledons  and  Embryos 
There  was  no  significant  radiation  effect  on  the  albumin  content  in  either  the 
cotyledons  or  the  embryos  (Table  2).  The  albumin  content  of  the  embryos  inde¬ 
pendent  of  irradiation  remained  unchanged  until  24  h  and  then  declined,  but  that 
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Figure  2.  Electrophoretic  patterns  of  basic  proteins  from  embryos  of  fenugreek  seeds 
extracted  after  various  intervals  of  soaking  in  water.  C  refers  to  non-irradiated 
control;  T  refers  to  radiation  treatment;  6,12,  24,  and  48  are  hours  of  soaking. 

of  the  cotyledons  remained  unchanged  during  the  entire  48-h  period.  Irradiation 
resulted  in  a  change  in  the  band  distribution  of  cotyledonary  albumins  at  the  early 
stages  of  soaking  (during  the  6  and  12  h),  but  it  caused  no  changes  in  band  dis¬ 
tribution  in  later  stages  (during  the  24  and  48  h)  (Fig.  3).  There  were  no  differ¬ 
ences  in  the  electophoretic  band  distribution  of  the  embryonic  albumins  between 
the  irradiated  and  non-irradiated  seeds. 

Content  and  Electrophoretic  Patterns  of  Globulins  in  Cotyledons  and  Embryos 
There  was  no  significant  change  in  either  the  embryonic  or  cotyledonary 
globulin  content  as  a  result  of  irradiation,  except  after  the  6  and  24  h  of  hydration 
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TABLE  2 

Albumin  Content,  in  mg/g  Fresh  Weight,  of  Fenugreek  Seed 
Components  (Values  are  Means  of  4  Replicates  ±  S.E.M.) 


Soaking 

(hours) 

Treatment* 

Cotyledons 

Embryos 

6 

C 

22.2  ±  1.26 

18.6  ±3.79 

T 

23.9  ±0.76 

22.4  ±  1.32 

12 

C 

22.4  ±  1.05 

19,7  ±0.86 

T 

23.6  ±  1.15 

21.2  ±2.33 

24 

C 

24.2  ±3.10 

18.8  ±  1.99 

T 

21.7  ±2.60 

22.8  ±  1.66 

48 

C 

19.5  ±  1.48 

12.6  ±  1.01 

T 

21.2  ±0.99 

11.5  ±0.51 

*  C  =  non -irradiated  control 
T  =  irradiated  with  10  kR  gamma  rays  of  ^  °Co 


in  the  cotyledons  and  after  12  h  of  hydration  in  the  embryos  (Table  3).  At  these 
intervals  the  globulins  of  the  irradiated  groups  were  significantly  lower  than  that 
of  the  non -irradiated  groups.  The  globulin  content  of  the  embryos  declined  at 
12  h,  rose  at  24  h,  and  then  declined  again  at  48  h  regardless  of  irradiation,  while 
in  the  cotyledons  the  globulin  content  rose  at  12  h  then  declined  at  24  h  and 
remained  constant  thereafter.  Irradiation  also  caused  no  changes  in  the  electro¬ 
phoretic  band  distribution  in  cotyledons  or  embryos. 

DISCUSSION 

Upon  imbibition  of  water  by  dormant  seeds,  gene  action  begins,  and  synthesis 
of  mRNA  and  of  enzymes  follows  (Kuzin,  1972).  The  water  content  of  the  seed 
may  affect  the  availability  of  the  macromolecules  necessary  for  germination 
activities  (Joshi  and  Ledoux,  1970).  Newly  synthesized  enzymes  hydrolyze  the 
stored  food  in  the  cotyledons  (including  albumins,  globulins,  and  basic  proteins) 
into  soluble  substances  that  are  translocated  to  and  assimilated  by  the  embryo 
(Wilson,  et  al,  1971).  Inasmuch  as  the  synthesis  of  DNA,  mRNA,  and  proteins 
requires  template  molecules,  radiation -damaged  template  molecules  may  transmit 
their  damage  to  the  newly  synthesized  structures,  and  this  damage  is  perhaps 
manifested  in  their  biological  activity  (Altman,  al ,  1970). 

Gordon  and  Buess  (1973)  reported  that  irradiation  (10  kR  of  gamma  rays)  of 
petioles  of  Coleus  sp.  depressed  auxin  levels.  This  depression  resulted  in  a  decrease 
in  protein  content,  RNA  concentration,  and  root  initiation.  On  the  other  hand, 
there  were  no  significant  modifications  in  the  DNA  and  RNA  of  barley  seeds 
exposed  to  15  kR  of  X-rays  (Joshi  and  Ledoux,  1970).  Furthermore,  fenugreek 
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Figure  3.  Electrophoretic  patterns  of  albumins  from  cotyledons  of  fenugreek  seeds  ex¬ 
tracted  after  various  soaking  intervals  in  water.  C  refers  to  non-irradiated 
control;  T  refers  to  radiation  treatment;  6,  12,  24,  and  48  are  hours  of  soaking. 


seeds  exposed  to  10  kR  of  gamma  radiation  showed  no  changes  in  DNA  or  RNA 
content  later  in  growth  (Fang,  1972), 

The  effect  of  radiation  on  plant  proteins  could  be  either  stimulatory  or  inhib¬ 
itory.  Van  Huystee  (1971)  suggested  that  proteins  were  remarkably  resistant  to 
radiation-induced  breaks  in  their  peptide  chains.  Liu  (1973)  observed  an  increase 
in  various  protein  fractions  in  2 1  -day  old  seedlings  of  fenugreek  after  an  exposure 
of  the  seeds  to  10  kR  of  gamma  radiation.  On  the  other  hand,  Srinivas,  et  al, 
(1972)  suggested  that  wheat  proteins  were  degraded  to  lower  molecular  weight 
molecules,  such  as  peptides  and  amino  acids,  by  radiation  treatment. 
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TABLE  3 


Globulin  Content,  in  mg/g  Fresh  Weight,  of  Fenugreek  Seed 
Components  (Values  are  Means  of  4  Replicates  ±  S.E.M.) 


Soaking 

(hours) 

Treatment* 

Cotyledons 

Embryos 

6 

C 

21.4  ±0.92 

25.6  ±0.26 

T 

17.8  ±0.78 

26.5  ±2.44 

12 

C 

28.5  ±2.88 

17.3  ±  1.16 

T 

29.7  ±0.64 

13.2  ±0.81 

24 

C 

22.9  ±0.06 

20.1  ±0.91 

T 

18.7  ±0.59 

19.5  ±2.45 

48 

C 

19.1  ±  1.52 

7.9  ±0.61 

T 

19.0  ±2.14 

8.6  ±0.66 

*  C  =  non-irradiated  control 
T  =  irradiated  with  10  kR  gamma  rays  of  ^  ^Co 


In  this  study,  the  decline  of  the  levels  of  the  various  proteins  in  the  embryo 
was  probably  a  reflection  of  embryonic  activity.  Embryonic  tissue  is  mostly 
composed  of  rapidly  dividing  cells,  which  dilute  their  protein  content  among 
daughter  cells.  The  decline  in  basic  proteins  in  the  embryo  is  of  particular  interest, 
as  that  decline  was  associated  with  an  alteration  of  their  electrophoretic  pattern 
after  soaking  for  6  h  (Fig.  2).  The  basic  proteins  may  have  been  vulnerable  to  an 
initial  radiation  damage  due  to  exposure  of  the  seeds  before  germination,  probably 
when  they  were  dissociating  from  the  nucleoproteins  of  the  embryonic  cells. 
Later  stages  of  soaking  showed  no  radiation-induced  alteration  in  basic  proteins, 
indicating  either  repair  of  damage  at  the  gene  level  or  the  synthesis  of  new  basic 
proteins  from  an  undamaged  system.  In  other  words,  the  early  change  in  the 
embryonic  basic  proteins  was  probably  the  result  of  direct  radiation  hits  on  the 
proteins.  The  changes  in  the  electrophoretic  pattern  of  cotyledonary  albumins 
during  the  first  12  h  might  also  be  so  explained. 

Although  there  was  no  apparent  radiation  effect  on  the  protein  electrophoretic 
patterns  in  general  (except  in  embryonic  basic  proteins  at  6  h  [Fig.  2]  and  in 
cotyledonary  albumins  at  6  and  12  h  [Fig.  3]),  it  is  possible  that  changes  may 
take  place  later.  Endo  (1967)  observed  that  in  4-day  old  seedlings,  the  enzyme 
profile  of  non-irradiated  maize  was  almost  indistinguishable  from  irradiated 
(50  kR  gamma  rays)  maize,  but  9  days  after  germination  the  profiles  were  strikingly 
different.  The  difference  between  Endo’s  results  and  ours  is  probably  attributable 
to  differences  between  species. 

LITERATURE  CITED 

Altman,  K.  I.,  G.  B.  Gerber,  and  S.  Okada,  \91Q-Radiation  Biochemistry,  Vol  I.  Academic 

Press,  Inc.,  New  York,  London,  366  pp. 


PROTEINS  IN  GAMMA  IRRADIATED  SEEDS  OF  FENUGREEK 


341 


Endo,  T.,  1967 -Comparison  of  the  effects  of  gamma-rays  and  maleic  hydrazide  on  enzyme 
systems  of  maize  seeds.  Radiat.  Bot.  ,7:35. 

Fang,  W.  F.  C.,  197  2 -Effects  of  ionizing  radiation  on  nucleic  acids  content  and  distribution 
in  fenugreek  beans.  Ph.D.  dissertation.  Department  of  Biology,  Texas  Woman’s  University, 
Denton. 

Gordon,  S.  A.,  and  E,  M.  Buess,  1973— Correlative  inhibitionofrootemergence  in  the  gamma 
irradiated  coleus  leaf.  Ill  Effects  of  auxin  on  the  radiation-induced  changes  in  RNA, 
RNA  metabolism,  and  rooting.  Radiat.  Bot,  13:283. 

Jack,  V.  H.,  and  C.  J.  Kavacs,  1970-Mitotic  delay  in  two  biochemically  different  G1  cell 
populations  in  cultured  roots  of  pea.  Radiat  Res.,  44(3): 7 00. 

Joshi,  R.  K.,  and  L.  Ledoux,  1970— Influence  of  X-irradiation  and  seed  moisture  on  nucleic 
acid  and  protein  metabolism  in  barley.  Radiat.  Bot. ,  10:437. 

Juo,  P.,  and  G.  Stotzky,  1970-Changes  in  protein  spectra  of  bean  seeds  during  germination. 
Can.  J.  48:1347. 

Kuzin,  A.  M.,  1972-Molecular  mechanisms  of  the  stimulating  effect  of  ionizing  radiation  on 
plant  seeds.  Radiobiologia,  12(5): 635. 

Liu,  D.  D.  N.,  1973 -A  study  of  the  effect  of  gamma  radiation  on  the  distribution  of  protein 
in  fenugreek  beans.  M.S.  Thesis,  Department  of  Biology,  Texas  Woman’s  University,  Denton. 

Lowry,  O.  H.,  J.  Nira,  A.  Rosebrough,  L.  Farr,  and  R.  J.  Randall,  1959-Protein  measure¬ 
ment  with  Folin-phenol  reagent.  7.  Biol.  Chem.,  193:265. 

O’Hara,  C.  E.,  1969— The  effects  of  gamma  irradiation  on  the  dehydrogenase  activities  and 
on  the  proteins  of  Irish  grown  wheats.  Radiat.  Bot,  9:33. 

Reisfeld,  R.  A.,  U.  J.  Lewis,  and  D.  E.  Williams,  1962-Disc  electrophoresis  of  basic  proteins 
and  peptides  on  polyacrylamide  gels.  AaL,  195:281. 

Sissakian,  N.  M.,  1956-On  the  nature  of  changes  in  metabolism  under  irradiation  effects. 
Proc.  of  the  Inter.  Conf.  on  Peaceful  Uses  of  Atomic  Energy ,  N.Y.  United  Nation. 

Srinivas,  H.,  H.  N.  Anathaswamy,  U.  K.  Valkil,  and  A.  Sreenivasan,  1972-Effect  of  gamma 
radiation  on  wheat  proteins.  7.  of  Food  Set,  37:715. 

Technical  Bulletin  #137 -Electrophoretic  destainer  assembly  and  operation  instructions. 
E-C  Apparatus  Corporation.  222  South  40th  Street.  University  City.  Philadelphia,  Pa. 

Technical  Bulletin  #140,  1966 -Discontinuous  vertical  gel  electrophoresis  using  the  E-C 
vertical  gel  electrophoresis  system.  Rev.  Ed.,  E-C  Apparatus  Corporation.  Philadelphia, 
Pa. 

Van  Huystee,  R.  B.,  1971 -Fragmentation  of  a  storage  protein,  arachin,  by  gamma  radiation. 
Radiat  Bot.,  11:287. 

Wilson,  C,  L.,  W.  E.  Loomis,  and  T.  A.  Sleeves,  1911-Botany.  Holt,  Rinehart  and  Winston, 
New  York,  N.Y.,  752  pp. 


REACTION  MECHANISMS  OF  COENZYME  B12  AND  METHYL- 
COBALAMIN 


by  JOHNA.  EWEN^ 

Chemistry  Department 

Tulane  University 

New  Orleans,  Louisiana  70118 

ABSTRACT 

Mechanisms  of  coenzyme  B12  and  methylcobalamin  catalyzed  reactions  are  reviewed. 
New  proposals  account  for  experimental  findings  and  resolve  controversies  characterizing 
the  field  of  Vitamin  B12  mechanisms.  Quantum  mechanical  tunnelling  is  implicated  in  com¬ 
peting  rate  determining  hydrogen  and  electron  transfer  steps  catalyzed  by  the  cobalt  ion. 
Modes  of  substrate  binding  to  the  ribosyl  moiety  and  the  sugar’s  role  in  a  concerted  bifunc¬ 
tional  catalytic  dehydration  due  to  hydrogen  bonding  interactions  are  suggested. 

INTRODUCTION 

The  interdisciplinary  field  of  coenzyme  B12  enzymology  has  been  characterized 
by  irreconcilable  differences  of  opinion  between  various  inorganic  and  biochemists 
about  the  reaction  mechanism.  Complete  skepticism  has  been  expressed  by  each 
side  towards  the  relevance  of  various  lines  of  evidence  which  unequivocally  con¬ 
flict  with  their  own  respective  attempts  to  account  for  the  known  enzymic  re¬ 
actions.  An  evidently  necessary  alternative  mechanistic  scheme  compatible  with 
all  the  controversial  data  and  capable  of  providing  unprecedented  straightforward 
explanations  for  the  kinetics,  kinetic  isotope  effects  and  the  stereospecificities 
of  the  reactions  is  suggested  in  this  article. 

The  postulated  mechanisms  for  each  enzymatic  step  have  reasonable  chemical 
precedent  since  they  are  analogous  to  several  well  established  organometallic 
“model”  solution  reactions.  In  addition,  the  proposed  catalytic  functions  ascribed 
to  the  Bi  2  coenzyme  and  the  apoproteins  are  in  accord  with  both  the  experi¬ 
mental  evidence  and  the  generally  accepted  principles  for  metalloenzyme  and  en¬ 
zyme  catalysis  in  general.  The  exceptional  quantum  mechanical  tunnelling  in  the 
rate  determining  hydrogen  and  electron  transfer  steps  may  eventually  prove  to 
be  a  fairly  general  catalytic  principle. 
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A  number  of  books  and  review  articles  have  been  written  on  the  monumental 
amount  of  research  done  on  coenzyme  B12  (Fig.  1),  its  methyl  derivative  and 
their  synthetic  models  (Smith,  1960;  Schrauzer,  1968;  Hogenkamp,  1968; 
Schrauzer,  1971;  Abeles,  1971a,  1971b;  Pratt,  1972;  Pratt  and  Craig,  1973; 
Brown,  1973;  Babior,  1974;  Schrauzer,  1974;  Babior,  1975;  Hill,  1973;  Abeles 
and  Dolphin,  1976;  and  Schrauzer,  1976,  1977).  In  the  following  sections  the 
currently  known  facts  about  the  enzymatic  reactions  will  be  summarized  with 
emphasis  on  the  diol  dehydrase  reaction  (Eq.  1),  since  this  has  been  the  most 
intensively  studied  and  is  hence  the  most  informative.  It  is  impossible  to  discuss 
all  the  other  enzymatic  reactions  in  detail  within  the  available  space.  It  is  there¬ 
fore  simply  shown  how  the  diol  dehydrase  mechanism  can  be  carried  over  in 
large  part  to  account  for  the  similarities  and  differences  known  about  the  other 
reactions. 


R 


'CH3 

■CH3 


/ 


H3C 


Figure  1.  Adenosylcobalamin.  R  =  CH2CONH2,  R^  =  CH2CH2CONH2. 

MECHANISM  OF  DIOL  DEHYDRASE 

The  coenzyme  B12  dependent  diol  dehydrase  enzyme  catalyses  the  reaction: 


CH3CHOHCH2OH  CH3CH2CH(0H)2  ->  CH3CH2CHO  +  H2O 


(1) 
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The  formation  of  an  intermediate  gem-diol  during  the  dehydration  of  1,2-pro¬ 
panediol  to  propionaldehyde  was  proven  by  isotopic  labelling  experiments  (Table 


TABLE  V 


Stereochemistry  of  the  Coenzyme  B12  Dependent  Dioldehydrase  Reactions 


1  8 

With  O  and  Deuterium  Labeled  Enantiomers  of  Propane- 1,2-diols 


Enantiomer 


Major  Product 


Retained 


1I8 


> 

1 

u 

u 

1 

n 

H 

OH 


CH 


CHO 


Ch 


8 


H 


H  O- 


D 

-H 


CH 


CH^®0 


H- 


CH3 


88 


QH3 


H^ - 1— H 

OH 


CH3 

H-4— H 

CHO 


43 


H^'O- 


HO- 


CH3 


CD^®0 


H-j— H 
CHo 


^Data  from  Retey,  et  al ,  (1966  a,b),  and  Zagalak,  et  al.,  (1966). 


A  summary  of  the  overall  mechanism  to  be  justified  by  the  available  data  is 
depicted  in  Scheme  I.  Two  additional  intermediates  formed  in  steps  (c)  and  (e) 
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are  not  shown  in  the  scheme  for  the  sake  of  brevity.  The  square  parentheses  rep¬ 
resent  the  corrin  ring,  Bz  the  5,6-dimethylbenzimidazole  Hgand  and  A  the  un¬ 
shown  portion  of  the  5 -deoxyadenosyl  residue  (Fig.  1).  As  is  customary,  both 
electrons  in  the  Co-C  bonds  are  assigned  to  the  coordinated  atom. 

The  features  emphasized  in  Scheme  I  are  the  importance  of  5 ,6 -dimethyl- 
benzimidazole  coordination,  redox  reactions,  C-5'  transferring  an  H  atom  between 
C-1  and  C-2  of  the  substrate  and  the  existence  of  2  rate-limiting  steps,  (b)  and 
(c).  Some  of  the  advantages  of  Scheme  I  over  other  proposals  are  that  it  is  con¬ 
sistent  with  the  kinetics,  does  not  rely  on  reactions  or  intermediates  that  have  no 
chemical  precedent,  accounts  for  the  detection  of  both  Co(I)  and  Co(II)  reaction 
intermediates  and  explains  why  covalently  bound  substrate-Bi2  intermediates 
are  not  observed  during  catalysis. 


Scheme  I 


A 

A 

I 

CH3CHOHCH2OH  CH^ 

1 

CH.CHOHCHOH  CH.. 

3  0  3 

C  Co(III)  3 

r  Co(II)  T 

1 

Bz 

1  ^ 

• — Bz 

Xb)r.l.s. 


(f) 


H+ 

0 

CH3CH^CH0H 
C  Co(I)  3 

I 

Bz 


^ (c)r . 1. s 


L. 


(d) 


A 

1 

A 

H2O  CH3CH2CHO  CH2 

(e) 

CH3CHCH(0H)2  CH3 

C  Co(III)  □ 

C  Co(III)  □ 

1 

Bz 

L-L 

An  inductive  period  during  the  reaction  (Eq.  1)  indicates  that  subsequent  to 
formation  of  an  enzyme -substrate  complex,  E.S,  a  reactive  intermediate,  E*S, 
accumulates  (Abeles  and  Lee,  1964): 


E  +  S  si 

E.S  E*S 

(2) 

E*S  — ► 

E  +  P 

(3) 
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E  represents  the  inactive  holoenzyme  consisting  ofa  complex  between  the  protein 
and  coenzyme  Bi  2  ;  S,  the  substrate ;  and  P,  the  reaction  products. 

Nature  of  the  Inactive  Holoenzyme,  E 

The  protein  consists  of  at  least  2  subunits  with  a  total  MW  of  250,000.  It  re¬ 
quires  the  presence  of  a  monovalent  cation  and  sulphydryl  groups  to  exhibit  cat¬ 
alytic  activity.  EPR  and  NMR  studies  suggest  the  coenzyme  is  buried  in  an  an¬ 
hydrous  microenvironment  (Finlay,  et  al,  1973).  The  B12  prosthetic  group  is 
probably  hydrogen -bonded  to  the  apoprotein  by  interactions  with  the  amide 
side  chains  on  the  periphery  of  the  corrin  ring  and  with  the  5 -deoxyandenosyl 
attachment  (Babior,  1974).  An  ionic  interaction  has  been  assumed  to  occur  be¬ 
tween  a  positive  site  on  the  protein  and  the  negatively  charged  phosphate  on  the 
flexible  chain  of  atoms  linking  the  5,6-dimethylbenzimidazole  ligand  (hereafter 
referred  to  as  dmbz)  to  ring  C  of  the  macrocycle  (Smith,  1960).  The  dmbz  is 
presumably  displaced  from  its  coordination  site  by  water  or  histidine  in  the  in¬ 
active  form  of  the  enzyme  complex  (Pailes  and  Hogenkamp,  1968). 

Formation  of  the  Enzyme-Substrate  Complexes,  ES  and  EfS 

With  regard  to  the  formation  of  ES,  some  important  generalities  about  enzyme 
mechanisms  should  be  recalled:  (1)  The  simplest  thing  enzymes  do  to  accelerate 
reactions  is  to  increase  their  probability  by  creating  a  microscopic  state  of  high 
order  with  the  reactants  held  in  the  optimum  position  for  reaction  (Jencks,  1975). 
(2)  Enzyme  catalysis  functions  by  replacing  steps  with  high  free  energies  of  activa¬ 
tion  with  multiple  steps  linked  by  low  energy  barriers  (Rose,  1972;  and  Hanson 
and  Rose,  1975).  (3)  The  stereochemical  course  of  an  enzymic  reaction  is  un¬ 
doubtedly  fixed  by  the  orientation  of  binding  and  catalytic  elements  at  the  active 
site.  It  serves  as  an  extremely  important  index  to  the  details  of  the  mechanism 
and  the  organization  of  the  reactants  during  catalysis  (Rose,  1972;  and  Hanson 
and  Rose,  1975).  (4)  Hydrogen -bonding  is  so  prevalent  in  biochemistry  that  it  is 
rarely  indexed  as  such  (Blow  and  Steitz,  1970;  and  Pimentel  and  McClellan,  1971). 

Kinetic  and  stereochemical  investigations  on  the  diol  dehydrase  reaction  using 
deuterated  and  tritiated  substrates,  as  well  as  epr  and  visible  absorption  spectra 
recorded  during  catalysis,  show  that  the  Co-C  bond  is  ruptured  homolytically 
in  the  initial  stages  of  the  reaction.  The  coordinated  C-5'  carbon  abstracts  a  sub¬ 
strate  C-1  H  atom  stereospecifically  and  a  substrate  radical,  Co(II)  and  5''-deoxy- 
adenosine  are  formed: 

CH3CHOHCH2OH  +  C0-CH2-A  CH3CHOHCHOH  +  CH3-A  +  Co(II)  (4) 

Furthermore,  the  hydrogen  atom  subsequently  transferred  to  C-2  of  the  substrate 
(Eq.  1)  is  found  to  originate  from  C-5'  of  the  5^-deoxyadenosyl  product  of  Eq. 
4  (Abeles,  1971b;  Brown,  1973;  Babior,  1974,  1975;  and  Abeles  and  Dolphin, 
1976). 
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Since  the  substrate  radicals  accumulate  to  approximately  40%  of  the  total  E.S 
complexes  (Finlay,  et  al,  1973),  a  reasonable  conclusion  is  that  the  kinetically 
detected  reaction  intermediates,  E*S,  are  the  enzyme -bound  reaction  products 
of  Eq.  4  (Reaction  (a),  Scheme  1). 

The  stereospecificities  of  the  reactions  (Table  1)  show  that  there  must  be  at 
least  3  points  on  the  substrate  which  are  fixed  in  position  due  to  interactions 
with  the  catalyst.  The  most  reasonable  sites  for  this  are  the  2  hydroxyl  groups 
and  steric  restrictions  imposed  by  the  methyl  substituent.  If  models  of  the  co¬ 
enzyme  and  the  enantiomers  shown  in  Table  1  are  inspected,  it  becomes  clear 
that  the  substrates  are  most  probably  bound  at  the  active  site  in  the  manner  de¬ 
picted  in  Fig.  2  since  this  can  account  for  the  lack  of  selectivity  between  the 
enantiomeric  1 ,2 -propanediols  and  the  stereospecificities  of  the  hydrogen  trans¬ 
fers,  rearrangements  and  dehydrations  as  well  as  the  kinetic  isotope  effects. 


Figure  2.  Model  of  binding  1,2-Propanediol  by  coenzyme  B12  which  accounts  for  the 
enzymic  reactions.  The  parentheses  represent  the  bent  corrin  macrocyle.  X 
implies  the  presence  of  unknown  functional  groups  on  the  enzyme  or  corrin 
ring  which  assist  in  the  binding.  S  represents  a  polarizable  base  on  the  enzyme. 
Bz  =  5,6-dimethylbenzimidazole.  Newman  projections  show  the  arrangement 
of  Cl  and  C2  of  the  substrate  and  C2  and  C3  of  the  ribose  moiety.  The  sub¬ 
strate  H  atom  abstracted  in  the  first  step  is  directly  above  the  coordinated  car¬ 
bon. 


The  molecular  models  reveal  the  necessary  steric  restriction  that  the  substrate 
methyl  group  must  be  directed  away  from  the  corrin  ring  if  its  hydroxyl  groups 
are  hydrogen  bonded  to  the  OH  substituents  on  the  coordinated  sugar  residue. 
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The  net  result  is  that  the  H  abstracted  stereospecifically  from  C-1  is  directed 
precisely  towards  C-5^  in  every  case.  All  other  possible  modes  of  this  hydrogen¬ 
bonding  interaction  are  unproductive  since  no  other  substrate  hydrogens  can  be 
held  anywhere  near  C-5[ 

With  the  substrate  bound  in  this  manner  the  relevant  C-1  H  atom,  C-5^  and 
the  cobalt  ion  are  compressed  to  distances  equal  to  or  shorter  than  the  sum  of 
their  van  der  Waal’s  radii.  Thus  the  substrate  and  coenzyme  form  a  sort  of  cage, 
like  a  clathrate,  in  which  all  the  reaction  processes  are  highly  favorable  because 
of  the  orientation  of  the  reactants. 

In  support  of  this,  the  kinetic  results  summarized  in  Table  2  show  that  the 
ribose  OH  groups  influence  the  efficiency  of  the  reaction.  The  observed  decrease 
in  molar  activity  with  the  sugar’s  2 -hydroxyl  group  removed  is  primarily  due  to 
a  deleterious  effect  on  K^.  (The  decrease  in  Vmax  is  presumably  a  result  of  the 
substrate  not  being  held  as  tightly  to  the  coenzyme.)  Furthermore,  reactions 


TABLE  2^ 

Kinetic  Results  Obtained  Using  Coenzyme  B12  and  a  Coenzyme 
Analog  in  the  Diol  Dehydrase  Enzymic  System 


Cobamide  coenzyme 

Km 

Mx  10® 

Vmax 

jUmole/min 

Relative 

molar 

activity 

xlOO 

Coenzyme  B12 

7.4 

0.80 

100 

2’, 5  ’-Dideoxyadenosylcobalamin 

29.0 

0.40 

13 

^Data  taken  from  Hogenkamp  and  Oikawa  (1964). 


with  the  model  cobaloxime  complexes  (the  organometallic  derivatives  of  cobalt 
(III)  complexes  of  diacetyldioxime  resemble  Bi  2  derivatives  so  closely  in  their 
chemical  properties  that  they  are  used  as  synthetic  Bi  2  models  and  named  co- 
baloximes  to  stress  their  similarity  to  cobalamins)  indicate  that  if  the  substrates 
are  very  closely  bound  to  the  coordinated  carbon,  the  enzymic  hydrogen  transfer 
reactions  should  occur  readily  (Breslow  and  Khanna,  1976).  Additional  evidence 
supporting  this  substrate-coenzyme  association  is  provided  by  the  kinetic  iso¬ 
tope  effects  and  the  stereospecificities  of  the  other  steps  discussed  in  later  sec¬ 
tions. 

Although  no  unambiguous  data  can  be  offered  for  reinforcing  interactions  by 
either  the  protein  or  the  corrin  amide  side  chains,  it  is  not  unreasonable  to  assume 
that  they  do  exist  and  serve  to  hold  the  substrate  rigidly  in  this  position.  This 
would  account  for  the  fact  that  the  enzyme  does  not  become  completely  inactive 
when  3^5  -  or  2^,5 -dideoxyadenosyl  coenzyme  analogs  catalyze  the  reactions. 
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The  Function  of  5 ,6 -Dimethy lb enzimid azole 

Coordination  of  dmbz  to  the  Co  a-site  during  catalysis  has  been  disregarded 
in  recent  discussions  of  the  reaction  mechanism  as  it  has  been  found  that  several 
other  ligands  can  replace  it  with  similar  efficiency  and  because  the  trans  electronic 
effect  on  the  stability  of  the  Co-C  bond  is  too  small  to  justify  its  presence  (Abeles, 
1971b).  However,  careful  consideration  of  the  nature  of  the  proposed  substrate- 
coenzyme  complex,  the  epr  results,  the  kinetics  and  the  effect  that  the  coordina¬ 
tion  of  bulky  ligands  has  on  the  chemistry  and  geometry  of  the  cobalt  ion  in  B12 
derivatives  suggests  that  it  is  extremely  likely  that  dmbz  is  coordinated  to  the  Co 
a -site  during  the  act  of  catalysis. 

In  the  nonfunctional  diol  dehydrase  the  axial  H2O  or  histidine  will  not  have 
very  demanding  steric  requirements  in  the  direction  of  the  corrin  ring  and  hence 
the  macrocycle  should  have  an  essentially  planar  conformation  with  the  cobalt 
atom  in  an  octahedral  environment,  such  as  that  found  for  cobryic  acid  (Fig.  3). 


Idgure  3.  Cobyric  acid.  The  cobalt  substituents  above  and  below  the  plane  of  the  corrin 
ring  are  H2O  and  CN~  respectively.  (Hodgkin,  1965). 

The  crystal  structure  of  Vitamin  B12  (Fig.  4)  shows  that  contact  between  co¬ 
ordinated  dmbz  and  the  corrin  ring  bends  the  macrocycle,  resulting  in  an  easily 
induced  distortion  of  the  cobalt  coordination  geometry.  An  entirely  analogous 
effect  is  seen  in  the  crystal  structure  of  coenzyme  B12  (Lenhert,  1968).  The 
result  of  the  distortion  of  the  complex  with  the  substrate  held  in  the  described 
manner  is  that  C-5'  of  the  5'-deoxyadenosyl  ligand  is  pushed  towards  the  hydro¬ 
gen  abstracted  from  the  substrate  and  thusbecomes  wedged  between  the  substrate 
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hydrogen  and  the  ribose  ring  ether  oxygen.  The  end  result  is  a  very  activated 
carbon  for  hydrogen  abstraction.  (Molecular  models  of  the  substrate  and  co¬ 
enzyme  Bi  2  show  this  result.) 


Figure  4.  Vitamin  Bi2-  Details  of  substituents  on  the  corrin  nucleus  (except  the  side 
chain  at  C-17)  have  been  omitted  for  the  sake  of  clarity.  Comparison  with  Fig. 
3  shows  the  pronounced  bending  of  the  corrin  ring  and  distortion  of  the  Co 
coordination  geometry  when  5,6-dimethylbenzimidazole  is  bonded  to  the  Co 
Q:~position.  A  similar  effect  occurs  with  coenzyme  Bi2'  (Babior,  1975). 

A  second  function  of  dmbz  coordination  is  suggested  by  the  effect  this  has  on 
the  chemistry  of  the  cobalt  ion  and  the  fact  that  Co(II)  and  substrate  radicals  ac¬ 
cumulate  to  high  levels  in  the  enzyme,  despite  the  fact  that  epr  measurements 
(Babior,  1975)  and  molecular  models  indicate  they  are  only  separated  by  a  few 
angstroms.  Experiments  have  shown  that  while  dmbz  is  coordinated  species  more 
sterically  hindered  than  primary  carbon  atoms  experience  such  strong  steric  re¬ 
pulsions  from  the  corrin  ring  that  any  adduct  formed  between  them  and  cobalt 
will,  at  the  very  best,  be  extremely  transient  (Brodie,  1969). 

This  arrangement  which  is  generated  by  both  cobalt  and  dmbz  has  been  re¬ 
ferred  to  as  an  “entatic  state”  (Williams,  1971)  or  “rack  mechanism”  (Wilkins, 
1974)  in  other  metalloenzyme  catalyses.  It  is  felt  to  be  a  unifying  feature  oper¬ 
ative  in  many  metalloenzymes.  It  is  significant  that  all  the  Bi  2  coenzyme  analogs 
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that  exhibit  catalytic  activity  in  the  absence  of  dmbz  contain  axial  ligands  with 
one  unifying  feature:  they  all  have  demanding  steric  requirements  in  the  direction 
of  the  corrin  ring,  i.e.,  adenine,  benzimidazole,  chloroadenine  and  4-hydroxy- 
2,2,6,6-tetramethyl-piperidine-N~oxyl  (Abeles,  1971b). 

Mechanism  for  5 ,6-Dimethylbenzimidazole  Coordination 

The  intimate  manner  in  which  B12  is  associated  with  the  protein  and  the 
sensitivity  of  the  corrin  conformation  to  steric  effects  and  hydrogen-bonding 
interactions  (Brink-Shoemaker,  1964;  Hodgkin,  1965;  and  Lenhert,  1968) 
suggest  that  a  protein  conformation  change  could  be  triggered  when  the  substrate 
becomes  attached  in  the  described  manner,  resulting  in  the  burial  of  the  positive 
site  restraining  dmbz.  As  a  consequence,  the  Lewis  base  would  be  released  from 
the  protein  into  the  microenvironment  of  the  active  site.  The  replacement  of 
axial  ligands  with  acidic  protons  in  analogous  circumstances  has  been  shown  to 
occur  via  an  interchange  dissociative  (I^j)  mechanism  (Randall  and  Alberty,  1966, 
1967;  Thusius,  197 1 ;  Hogenkamp,  1974;  Espenson  and  Russell,  1974;  and  Ewen 
and  Darensbourg,  1975,  1976).  The  reverse  reaction,  i.e.,  the  replacement  of 
dmbz  by  H2O,  occurs  via  a  dissociative  (D)  mechanism  since  there  are  no  acidic 
protons  on  the  departing  ligand  (Milton  and  Brown,  1977).  The  ligand  displace¬ 
ment  by  dmbz  will  be  extremely  rapid  for  several  reasons:  (1)  The  reaction  is 
favored  entropically  since  dmbz  is  constrained  to  the  vicinity  of  the  cobalt  ion 
by  virtue  of  its  attachment  to  ring  C.  The  chelate  effect  has  been  estimated  to 
favor  the  reaction  to  the  equivalent  extent  of  the  ligand  being  at  10^  10^’^M 

(Jencks,  1975).  (2)  The  process  is  accelerated  by  entropic  and  steric  effects  assoc¬ 
iated  with  the  rapid  exothermic  preequilibrium  that  occurs  with  the  incoming 
Lewis  base  hydrogen-bonding  to  an  acidic  proton  on  the  departing  ligand  (Es¬ 
penson  and  Russell,  1974;  and  Ewen  and  Darensbourg,  1975,  1976).  (3)  There  is 
little  or  no  competitive  inhibition  due  to  a  low  concentration  of  H2O  at  the  ac¬ 
tive  site  (Finlay,  et  al,  1^73).  (4)  AH*  is  low  because  ligands  at  the  Co  a-site 
trans  to  carbanions  are  only  loosely  coordinated  (Pratt,  1964;  Schrauzer, er 
1970a;  Pratt  and  Whitear,  1971 ;  Taylor,  er  al,  1973;  and  Endicott  and  Ferraudi, 
1977). 

Mechanism  of  Step  (a).  Scheme  I 

The  most  Ukely  mechanism  for  the  generation  of  the  radical  intermediates  is 
a  concerted  molecule-induced  homolysis  of  the  Co-C  bond  with  the  transition 
metal  catalytically  activating  the  substrate  C-H  bond.  A  reasonable  transition 
state  for  this  is  represented  by  Schematic  A.  :B  represents  a  polarizable  base  on 
the  enzyme.  (Precoordination  of  C-1  is  not  necessary  for  C-H  activation  (Parshall, 
1975;  and  Webster,  1978)). 
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Schematic  A 

The  reasonableness  of  A  as  a  representation  of  the  transition  state  for  reaction 
(a)  in  Scheme  I  is  supported  by  spectroscopic  and  kinetic  evidence  found  in  the 
enzymic  reactions  as  well  as  by  the  stereospecificities  of  the  hydrogen  transfer 
steps  and  its  consistency  with  well-established  catalytic  principles  of  enzymology 
(vide  supra).  In  addition,  its  validity  is  supported  since  both  aspects  of  the  re¬ 
action  have  been  simulated,  at  least  in  principle,  with  model  systems  under  non- 
enzymatic  conditions. 

The  clearly  prohibitive  entropy  requirements  for  the  formation  of  such  a 
highly  organized  termolecular  reaction  transition  state  is  circumvented  by  the 
enzyme  acting  as  an  “entropic  demon,”  i.e.,  it  makes  the  reaction  a  highly  favor¬ 
able  intramolecular  and  concerted  molecule-induced  homolysis.  The  very  close 
association  of  the  reactants  also  provides  an  ideal  condition  for  quantum  mech¬ 
anical  tunnelling  during  the  hydrogen  transfer  as  a  result  of  an  extremely  narrow 
width  parameter.  In  addition,  the  reaction  rate  will  also  be  increased  due  to  a 
lower  potential  energy  barrier  and  a  steric  enhancement  of  tunnelling  resulting 
from  strong  cage  effects.  (The  reasons  for  the  magnitudes  of  the  kinetic  isotope 
effects  in  this  and  other  Bi  2  reactions  were  reported  as  being  obscure  (Babior, 
1974).  However,  values  exceeding  the  theoretically  maximum  classical  effect 
(the  loss  of  all  the  difference  between  C-H  and  C-D  initial  stretching  zero-point 
energies)  are  known  in  other  reactions  and  have  always  been  interpreted  as  ev¬ 
idence  for  quantum  mechanical  tunnelling  (Eigen,  1964;  Bell,  1973;  Westheimer, 
1961 ;  Lewis  and  Butler,  1976;  Wang  and  Williams,  1971 ;  and  Marks,  1976).)  The 
disparate  effects  for  the  two  different  hydrogen  transfers  in  the  diol  dehydrase 
reaction  also  has  a  logical  explanation  which  is  given  in  the  discussion  of  the  rate 
determining  steps.  Considerable  H-D  discrimination  has  been  observed  even  with 
the  larger  actinide  metals  in  these  types  of  hydrogen  transfers  (Marks,  1976). 
The  observed  kinetic  isotope  effects  discussed  with  step  (b)  are  in  accord  with 
this. 
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The  most  essential  feature  of  this  step,  homogeneous  catalytic  activation  of 
C-H  bonds  by  transition  metals  with  the  formation  of  3>centered  transition  states, 
is  well  known  and  has  been  proposed  to  occur  during  the  unimolecular  thermo- 
lyses  of  cobaloxime  Co-C  sp^  bonds  (Schrauzer  and  Holland,  1971,  and  Schrauzer, 
1977).  An  investigation  with  deuterated  organic  species  showed  that  cobaloximes 
active  sp^  C-H  bonds  that  are  held  close  to  the  cobalt  ion  (Breslow  and  Khanna, 
1976).  The  stereospecificity  of  step  (e)  in  Scheme  I  (vide  infra)  provides  par¬ 
ticularly  convincing  evidence  for  the  participation  of  cobalt  in  the  enzymic  hydro- 
geh  transfer  steps.  (The  manner  in  which  the  substrate  is  bound  at  the  active 
site  reveals  that  activation  and  weakening  of  the  substrate  C-H  bond  is  due  to 
population  of  the  appropriate  C-H  a*-orbital  resulting  from  overlap  with  the 
cobalt  orbitals  of  t2g  symmetry.) 

Another  important  aspect,  molecule-induced  homolysis,  (Walling, 1965; 
Pryor,  1966;  Nonhebel  and  Walton,  1974;  and  Chalfont  and  Perkins,  1971)  has 
always  been  postulated  for  reactions  in  which  free  radicals  are  formed  at  anom- 
olously  rapid  rates  merely  from  the  interaction  of  nonradical  species,  as  is  ob¬ 
served  in  the  enzymic  system.  Polarizable  Lewis  bases  are  the  most  effective 
reagents  for  inducing  homolyses  as  they  can  stabilize  the  nascent  radicals  by 
electron  donation  and  so  make  their  formation  energetically  favorable  (Pryor, 
1966).  Harder  bases  tend  to  be  more  nucleophillic  and  so  induce  heterolysis, 
predominantly. 

Kinetic  evidence  for  this  kind  of  catalysis  with  Co-C  bonds  in  solution  is 
provided  by  the  thermal  radical  insertion  of  O2 


Co-R- 


Co (II)  +  Ro 


Co-O-O-R 


(5) 


which  becomes  independent  of  O2  concentration  in  polarizable  solvents  such  as 
benzene  (Jensen  and  Kiskis,  1975). 

Polarizable  I2  molecules  induce  Co-C  homolyses  with  competing  heterolyses 
(Dreos,  et  al.,  1975).  Taken  into  consideration  with  the  fact  that  soft  enzymic 
SH  groups  are  essential  for  catalysis  and  the  chemical  evidence  implicating  them 
in  the  related  ribonucleotide  reductase  system  (Babior,  1974); 


it  seems  that  these  could  be  responsible  for  catalyzing  the  Co-C  bond  cleavage 
in  the  enzymatic  reactions. 
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Kinetic  evidence  in  accord  with  an  enzymic  molecule -induced  homolysis  has 
been  found  using  the  coenzyme  analog  with  the  ribose  ether  oxygen  replaced  by 
a  “CH2-  group  (Schrauzer,  et  ah,  1976).  This  compound  exhibits  significantly 
less  coenzyme  activity  although  the  modification  has  no  appreciable  effect  on 
Kjyi  (Kerwar,  et  ah,  1970).  Since  C-5'  is  wedged  between  the  ether  oxygen  and 
the  substrate  hydrogen,  its  close  proximity  to  the  oxygen  lone  pairs  of  electrons 
would  be  expected  to  have  a  favorable  effect  on  step  (a)  in  Scheme  I  (and  pos¬ 
sibly  step  (b))  and  hence  on  the  reaction  rate,  as  was  observed. 

In  general,  it  is  known  that  molecule -induced  homolyses  are  most  favorable 
when  charge  separated  resonance  structures  for  the  transition  state  are  reasonable 
(Pryor,  1966). 

R+  R  R- 

O  00 

(Co(I))  - ►  (Co(II))  - ►  (Co(III)) 


The  versatility  of  Co-C  bond  polarization,  as  reflected  by  the  established  re¬ 
actions  in  Eqs.  7-9: 


Co-R 

X- 

Co(I) 

4^ 

R+ 

(7) 

Co-R 

X: 

Co(II) 

+ 

Ro 

(8) 

Co-R 

X+ 

Co(III) 

+ 

R- 

(9) 

indicates  that  the  conditions  are  ideal  for  the  observed  catalytic  low  activation 
energy  molecule -induced  homolysis  in  the  enzymatic  systems. 

Photochemical  and  flash  photolysis  studies  reveal  that  Co(II)  and  organic  rad¬ 
icals  have  an  extremely  rapid  recombination  rate  (Pratt,  1964;  Schrauzer,  er 
1970a;  Pratt  and  Whitear,  1971 ;  Taylor,  er  ^r/. ,  1973;  and  Endicott  and  Ferraudi, 
1977).  The  suggested  generation  of  an  entatic  or  strained  state  by  cobalt  and  dmbz 
is  in  agreement  with  the  observed  accumulation  of  Co(II)  and  substrate  radicals 
to  high  levels  during  the  enzymic  reactions  since  steric  effects  that  prevent  dif¬ 
fusion  controlled  radical  termination  reactions  in  solution  are  known  to  be  pri¬ 
marily  responsible  for  any  unusual  longevity  of  organic  radicals. 

Mechanisms  of  Steps  (b),  ( c)  and  (d),  Scheme  I 

The  rate  limiting  and  rearrangement  steps  have  been  the  major  source  of  dis¬ 
agreement.  The  controversies  can  be  traced  to  assumptions  that  there  can  be  only 
one  mode  of  Co-C  bond  cleavage  during  a  particular  reaction  and  that  only  one  rate 
limiting  step  is  possible.  The  known  facts  about  the  enzymic  reactions,  model 
processes  and  other  analogous  organometallic  reactions  indicate  the  opposite  is 
true. 
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The  formation  of  the  substrate  radicals  in  step  (a)  cannot  possibly  be  rate 
determining  in  these  reactions  as  the  radicals  accumulate  during  the  reaction. 
The  available  experimental  data  support  a  simultaneous  heterolytic  process  with 
hydride  abstraction  to  yield  a  substrate  carbonium  ion  (step  (b),  Scheme  I): 


A 

OH  I 

CH0CHOHC+. . .H. . .CHo 
3  H  \  '  2 


((Cod)) 


Schematic  B 


with  oxidation  of  the  substrate  radicals  as  a  competing  rate  limiting  step  (Eqs. 
14-15,  and  step  (c),  Scheme  I). 

The  theoretical  reasons,  enzymological  data  and  model  solution  reactions  in 
support  of  these  conclusions  are:  (1)  Ionic  processes  accompany  and  compete 
with  molecule-induced  homolyses  when  charge-separated  resonance  structures 
for  the  transition  state  are  reasonable  and  when  the  ionic  species  are  expected 
to  be  comparative  in  stability  to  the  radical  intermediates  (Pryor,  1966).  (2)  The 
magnitude  of  the  kinetic  isotope  effects  (kj^/kj)  =  10  and  kj^/kj  =  20)  are 
diagnostic  of  carbon-hydrogen  bond  breaking  in  the  rate  determining  step.  (3) 
Nitrous  oxide,  N2O,  oxidizes  Co(I)  rapidly  and  selectively  (Schrauzer  and 
Stadlbauer,  1975): 

Co(I)  +  N2O  +  H2O  ->  Co(III)  +  N2  +  20H  (10) 

Co(I)  +  Co(III)  ^  2Co(II)  (11) 


2Co(I)  +  N2O  +  H2O  ^  2Co(II)  +  N2  +  20H  (12) 


Schrauzer  and  several  co-workers  have  shown  that  nitrous  oxide  inhibits  a  num¬ 
ber  of  the  enzymic  reactions  (Schrauzer,  1971 ;  Schrauzer,  et  al ,  1971 ;  Schrauzer 
and  Stadlbauer,  1975;  Schrauzer,  et  al,  1976).  They  consistently  found  that 
significantly  less  coenzyme  is  recoverable  than  in  duplicate  runs  under  the 
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same  conditions,  performed  without  N2O.  The  most  reasonable  explanation  for 
this  is  that  a  steady  state  level  of  Co(I)  is  present  during  the  act  of  catalysis. 

(4)  The  aforementioned  decrease  in  efficiency  observed  when  the  coenzyme  analog 
with  the  ribose  ether  oxygen  is  replaced  by  a  ~CH2-  group  is  consistent  with  an 
electron  deficient  C-S''  transition  state  and  inconsistent  with  an  incipient  carbanion. 
(Furthermore,  there  is  no  evidence  for  the  formation  of  carbanions  nor  Co(III).) 

(5)  All  the  entropic  and  tunnelling  conditions  discussed  for  step  (a)  will  be  as 
favorable  for  step  (b).  (6)  Substituents  with  nonbonding  electrons  stabilize  car- 
bonium  ion  intermediates  and  favor  their  formation  (Bethel  and  Gold,  1967). 
(7)  The  substrate  carbonium  ion  should  rearrange  to  the  required  gem-diol  via 
an  oxirane  intermediate  with  anchimeric  assistance  from  Nature’s  most  powerful 
supernucleophile,  Co(I): 


H+ 


— XCHOH  +  Co(I)  CH3 CHCo(III)CH(OH)2  (13) 


The  formation  of  an  oxirane  intermediate  during  the  enzymic  rearrangement  has 
been  previously  suggested  to  be  plausible  by  analogy  with  the  acid  catalyzed  con¬ 
versions  of  vicinal  diols  to  carbonyl  compounds  (Retey,  et  al,  1966a).  (This  be¬ 
havior  is  typical  of  many  other  carbonium  ion  rearrangements  with  migrating 
electronegative  groups  containing  nonbonding  electrons.)  Furthermore,  Eq.  13 
is  representative  of  a  normal  synthetic  route  for  some  cobaloxime  complexes 
(Jensen  and  Kiskis,  1975).  (8)  The  concept  of  molecule -induced  homolyses  as 
well  as  a  variety  of  ionic  mechanisms  have  been  demonstrated  with  cobaloximes 
and  is  consistent  with  the  kinetically  supported  rate  limiting  reaction  for  the 
radical  intermediates  depicted  in  Eqs.  14-15  (step  (c),  Scheme  1) 


CH3CHOHCHOH  +  Co(II)  — ►  CHsCHOHCHOH-CoCIII)  (14) 

H+ 


A 


CHa  CHOHCHOH-Co(III)  — >  CHaCH 


CHOH  +  Co(I)  (15) 


This  scheme  is  in  accord  with  the  high  concentration  of  radicals,  Eqs.  7  and  8, 
and  with  Co(I)  being  present  at  a  steady  state  level.  The  entatic  state  prevents 
accumulation  of  the  radical  adduct  in  Eq.  14  while  the  presence  of  enzyme  SH 
groups,  substrate  OH  groups  and  the  ribose  ether  oxygen  all  accelerate  both 
modes  of  Co-C  bond  cleavage.  In  addition  to  both  the  rate  limiting  steps  leading 
to  an  identical  oxirane  intermediate  and  rearrangement  mechanism  and  Eqs.  7 
and  8  being  established  reactions,  model  experiments  show  that  the  enzymic  re¬ 
arrangements  can  occur  if  the  radical  adduct  has  been  formed  (Dowd, a/.,  1975; 
Flohr,  et  al,  1976;  Dowd  and  Shapiro,  1976;  and  Scott  and  Kang,  1977).  (9)Eq. 
14  would  be  unavoidable  with  the  reactants  separated  by  about  4A  and  quantum 
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mechanical  tunnelling,  which  is  of  unquestionable  importance  in  electron  trans¬ 
fers,  would  be  only  logical  with  the  reactants  in  such  close  proximity.  (An  outer- 
sphere  oxidation  of  the  substrate  radicals  by  Co(II)  is  also  possible  with  the 
quantum  mechanical  tunnelling  occurring  during  electron  transfer.  There  is  ample 
chemical  precedent  for  this  proposal  (Blackburn,  et  al,  1975;  and  Elroy  and 
Meyerstein,  1978).)  (10)  The  competing  rate  limiting  steps  (b)  and  (c)  predict 
the  observed  formation  of  E*S  with  an  initial  lag  period  prior  to  attainment  of 
maximal  velocity.  (11)  The  rearrangement  mechanism  is  consistent  with  the  in¬ 
version  of  configuration  at  C2  (Table  1).  (12)  The  7r-acidity  of  the  corrin  ring 
should  assist  the  oxidation  of  the  radicals  to  “resonance  stabilized”  carbocations. 

An  interesting  possibility  that  has  been  suggested  is  the  heterolytic  fragmenta¬ 
tion  of  the  a-hydroxy alkyl  radical  intermediates  to  yield  a  thermodynamically 
more  stable  species  by  the  mechanism  postulated  for  analogous  solution  reactions 
catalyzed  at  low  pH: 


CH3 


Although  propionaldehyde  is  the  only  reasonable  product,  the  fact  that  the  OH 
group  lost  in  the  enzymic  reaction  is  frequently  the  one  bound  to  Ci  of  the  sub¬ 
strate  proves  this  mechanism  does  not  occur  in  the  enzymic  reaction.  The  lon¬ 
gevity  of  the  radicals  suggests  that  they  are  stable  in  the  enzymic  microenviron¬ 
ment  in  the  absence  of  HsO*^. 

It  is  generally  expected  that  the  hydrogen  transfer  in  step  (e)  of  Scheme  I  oc¬ 
curs  by  the  same  mechanism  as  in  the  initial  hydrogen  abstraction.  Assuming 
that  tunnelling  in  both  steps  is  approximately  the  same,  the  magnitude  of  the 
kinetic  isotope  effects  for  step  (e)  (kj^/kp)  =  28  andkp^/kj  =  125),  as  compared 
to  the  values  for  step  (a)  (kj^/Kj)  =  10  and  kf^/Kj  =  20),  implies  that  most  of 
the  reaction  proceeds  via  the  radical  oxidation  path.  (This  may  be  an  overestimate 
of  the  importance  of  the  radical  intermediates  as  the  hydrogen  transfer  in  step 
(e)  should  have  a  greater  steric  enhancement  of  tunnelling.  The  kinetic  isotope 
effects  calculated  disregarding  tunnelling  are  clearly  incorrect.) 

Consideration  of  the  attempts  that  have  been  frequently  made  to  disprove 
the  presence  of  Co(I)  during  catalysis  is  revealing.  N2O  inhibition  was  claimed 
to  be  reversible  (Finlay,  et  al,  1972)  until  it  was  shown  that  the  reversible  form 
of  the  inhibition  only  occurred  exclusively  under  certain  conditions  (Schrauzer 
and  Stadlbauer,  1975;  Schrauzer,  et  al,  1976).  Claims  for  the  lack  of  N2O  in¬ 
hibition  with  other  B12  systems  have  been  proved  to  be  false  (Schrauzer  and 
Stadlbauer,  1975).  Another  popular  argument  was  that  Co(I)  does  not  attack 
chloroacetaldehyde  radicals  when  this  compound  is  used  in  place  of  the  substrate 
(Finlay,  et  al,  1972).  The  simplest  explanation  for  this  observation  is  that  the 
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chloroacet aldehyde  electron  affinity  may  be  too  high  to  reduce  Co(II)  to  Co(I) 
under  the  reaction  conditions.  All  these  attempts  can  be  rationalized  in  a  number 
of  reasonable  ways  while  the  irreversible  destruction  of  B12  by  N2O  is  unambig¬ 
uous.  Similar  explanations  (and  others)  can  be  made  for  the  failure  to  trap  Co(I) 
with  other  ligands.  An  interesting  possibility  for  the  mechanism  of  reversible  in¬ 
hibition  is  the  hydrophobic  N2  0  competing  favorably  with  water  for  the  Co  a- 
coordination  site  in  an  anhydrous  microenvironment  and  thus  impeding  the 
coordination  of  dmbz  by  an  mechanism. 

Mechanism  for  Step  (e),  Scheme  I 

In  step  (e)  of  Scheme  I,  the  gem-diol  intermediate  formed  in  step  (d)  is  first 
dehydrated  and  hydrogen  is  subsequently  transferred  from  C-S  to  C~2  of  the 
substrate  to  form  propionaldehyde. 

(i)  The  Dehydration  of  the  Pro  pane- 1, 1-Diol  Intermediate 

The  dehydration  of  gem-diols  belongs  to  the  class  of  reactions  catalyzed  by 
both  general  acids  and  bases.  They  are  subject  to  concerted  bifunctional  catalysis 
in  aqueous  solution.  At  55M  H2O  Lewis  catalysts  align  and  activate  the  solvent 
by  polarization  so  that  the  solvent  molecules  provide  the  catalytic  functionalities 
for  a  concerted  proton  transfer  occurring  faster  than  diffusion  controlled  (Eigen, 
1965;  Bell,  1966).  (It  has  been  suggested  that  when  the  activation  energies  are  so 
low  in  this  category  of  reactions  there  is  an  enforced  concerted  catalysis  (Bern- 
asconi  and  Wang,  1977).)  The  conditions  in  the  enzymic  system  create  an  even 
lower  energy  of  activation  as  large  functional  groups,  electron  donating  substit¬ 
uents  and  a  low  concentration  of  water  destabilize  gem-diols  relative  to  carbonyl 
compounds.  Moreover,  the  rate  of  proton  transfers  are  dependent  on  the  strength 
of  the  bridging  hydrogen  bonds  and  sugars  belong  to  the  category  of  compounds 
whose  pK  values  fall  within  the  range  necessary  for  proton  transfer  rate  constants 
to  be  10^  -10^^  M'^  sec'h  It  is  therefore  logical  that  the  protonsjump  back  and  forth 
between  the  bridged  sugar  hydroxyl  groups  at  a  very  rapid  rate  (kj^Q-  for  glucose 
is  greater  than  10^^  M'^  sec’^  (Eigen,  1964)).  On  the  basis  of  the  above  consider¬ 
ations  and  the  stereospecificity  of  the  dehydration,  it  is  most  probable  that  the 
dehydration  of  the  necessary  propane-1,  1-diol  intermediate  is  a  stereospecific, 
concerted,  bifunctional,  catalytic  dehydration  with  the  sugar  acting  as  a  general 
acid -base  catalyst  in  a  concerted  proton  transfer  step: 


(17) 
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Within  this  context  the  substrate  oxygen  predominantly  eliminated  (Table  1)  is 
the  one  necessarily  hydrogen-bonded  to  the  most  acidic  OH  group  on  the  sugar 
catalyst,  i.e.,  the  catalyst’s  C-2^  OH  group.  (The  other  functional  groups  binding 
the  substrate  may  be  of  additional  assistance  in  the  dehydration.) 

It  cannot  be  overemphasized  that  the  mechanism  of  dehydration  described 
here  is  merely  a  consequence  of  the  manner  in  which  the  substrate  is  “solvated” 
at  the  active  site,  just  as  in  the  analogous  solution  reactions.  It  does  not  imply 
that  a  bifunctional  catalytic  dehydration  is  necessarily  more  efficient  than  alterna¬ 
tive  mechanisms. 

The  Transfer  of  Hydrogen  to  the  Coordinated  Propionaldehyde 

A  reasonable  transition  state  for  the  return  of  a  C-5^  hydrogen  to  the  reaction 
product  is  depicted  by  Schematic  C: 


H 


C«0 


H3C 


J 


\  ^ 

\  / 

(  Co(III)  ) 

L  I 

*-  Bz 


Schematic  C 


The  net  inversion  of  configuration  at  C2  in  the  diol  dehydrase  reaction  shows 
that  the  hydrogen  abstracted  in  the  final  step  should  be  positioned  at  a  tetrahedral 
face  of  C2  formed  by  cobalt  and  2  other  substituents  and  thus  implies  the  likeli¬ 
hood  of  cobalt  participating  in  the  hydrogen  transfer. 

The  only  significant  differences  between  this  step  and  that  for  the  initial  hydro¬ 
gen  transfer  is  that  this  one  is  faster  due  to  steric  destabilization  of  the  intermed¬ 
iate  and  that  the  Co-C  bond  polarization  may  be  different  due  to  C-2  of  the 
propionaldehyde  having  a  greater  electron  affinity  than  C-5^. 

Implications  Regarding  Other  Bi  2  Dependent  Enzymic  Systems 

Nine  of  the  10  known  coenzyme  Bi  2  dependent  reactions  can  be  generalized 
by  Eq. 18: 


C  H- - C,X 

a  b 


C  X - C.  H 

a  b 


(18) 
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Three  of  these,  ethanolamine  ammonia -lyase,  glycerol  dehydrase  and  diol  de- 
hydrase  are  so  similar  that  it  is  generally  accepted  that  their  mechanisms  have  no 
significant  differences. 

The  3  carbon -skeleton  rearrangements  differ  in  that  they  involve  carbon- 
carbon  bond  cleavage,  are  reversible,  and  migration  of  bulky  alkyl  or  acyl  groups 
yield  interconversions  betv^een  straight-  and  branched -chain  isomers: 

COO"  COO"  COO"  COO" 

1  (a)  I  (b)  I  (c)  I 

H-C-R  ^  H-C-R  ^  H-C  :?±r  H-C-H  (19) 

I  I  i  I 

CH3  CH2  CH2R  CH2R 

Primary  kinetic  isotope  effects  prove  that  H  abstraction  is  also  rate  determin¬ 
ing  for  these  systems  (Babior,  1974).  Models  indicate  that  the  COO-  groups  (Eq. 
19)  can  be  associated  with  the  ribose  OH  groups  and  that  steps  (a)  and  (c)  can 
be  anticipated  to  be  governed  by  the  same  principles  as  before.  Unfortunately, 
there  is  no  evidence  for  the  mechanism  of  step  (b).  Although  free  radicals  have 
escaped  detection  in  these  3  reactions  it  could  be  because  the  primary  carbon 
undergoing  hydrogen  abstraction  initially  would  not  experience  any  difficulty 
reacting  with  the  5  coordinate  Co(II)  intermediate.  Experiments  imitating  the 
enzymic  reaction  have  shown  that  coordination  of  the  substrate  to  cobalt  will 
cause  the  rearrangement  to  occur  (Dowd,  a/.,  191 S ;  Flohr ,  et  al. ,  1976;  Dowd 
and  Shapiro,  1976;  and  Scott  and  Kang,  1977).  It  is  possible  that  Co-C  cleavage 
leading  to  primary  electron  deficient  R+  or  Ro  species  would  rearrange  reversibly 
with  the  predominant  species  resulting  from  kinetic  or  thermodynamic  reasons. 
A  carbanion  mechanism  was  proposed  for  one  of  these  reactions  (Ingraham,  1964; 
Lowe  and  Ingraham,  1971)  but  molecular  models  do  not  reveal  any  obvious  con¬ 
tortion  for  the  substrate  to  undergo  such  a  rearrangement  reversibly.  Molecular 
models  show  that  retention  (methylmalonyl  CoA,  R  =  COSCoA)  and  inversion 
(glutamate,  R  =  NH2CHCOOH)  of  configuration  at  the  asymmetric  carbon  (Eq. 
19)  is  controlled  by  both  steps  (b)  and  (c)  and  that  reasonable  differences  in 
substrate  conformation  at  the  active  site  could  be  responsible  for  this  difference 
with  the  normal  mechanism  for  step  (c)  prevailing  in  both  cases. 

The  paucity  of  data  on  the  3  aminomutase  reactions  and  the  complex  ribo¬ 
nucleotide  reductase  system  (Eq.  10)  makes  their  details  totally  uncertain.  How¬ 
ever,  molecule-induced  homolysis  and  competing  heterolysis  with  SH  groups 
supplying  C~5^  with  an  H  that  can  replace  the  substrate  OH  group  in  a  redox 
reaction  is  definitely  consistent  with  the  known  facts  about  the  latter  system. 

The  dual  mechanistic  nature  of  molecule -induced  homolysis  can  also  apply 
to  the  biosyntheses  catalyzed  by  the  methyl-Bi2  derivative  since  methionine 
biosynthesis  is  consistent  with  both  CH3  and  CH°  intermediates  (Brown,  1973); 


CH3  +HSCH2CH2CHNH2COOH  CH3SCH2CH2CHNH2COOH  +  H  (20) 
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and  acetate  synthesis  is  consistent  with  the  chemistries  of  both  CHi  and  CH^ 
(Scheme  II),  where  SAM  represents  the  suggested  biological  methylating  agent, 
S-adenosylmethionine.  The  kinetics  suggest  step  (b)  is  predominantly  rate- 
determining  (Schrauzer,  et  al,  1970b)  while  step  (a)  is  implicated  from  the 
principle  of  microscopic  reversibility  and  the  established  mechanisms  for  the 
oxidation  of  aliphatic  carboxylic  acids  by  Co(III)  complexes  (Nonhebel  and 
Walton,  1974). 
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CONCLUSIONS 


Previous  speculations  on  the  mechanisms  of  coenzyme  Bi  2  dependent  re¬ 
actions  are  inconsistent  with  the  enzymological  kinetic  data  and  are  in  conflict 
with  different  lines  of  reproducible  chemical  and  spectroscopic  evidence.  The 
more  important  aspects  of  the  earlier  mechanisms  put  forward  by  both  sides  are 
substantiated  by  redox  mechanistic  schemes  which  are  in  accord  with  all  the  known 
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facts  about  the  reactions.  Thus  Schrauzer’s  insistence  (1968,  1971, 1974,  1976, 
1977)  that  the  probable  form  of  the  active  coenzyme  is  Co(I),  nature’s  most 
powerful  supernucleophile,  and  the  equally  reasonable  belief  of  the  biochemists 
who  feel  that  Co(II)  and  the  substrate  free  radicals  must  be  on  the  reaction 
coordinate,  both  appear  to  be  correct.  The  generation  of  an  entatic  state  by  cobalt 
and  5, 6-dime  thy  Ibenzimidazole  is  consistent  with  a  unifying  mechanism  felt  to 
be  operative  in  many  metalloenzymes  and  the  suggestion  that  the  Bi  2  dependent 
enzymes  carry  out  a  large  fraction  of  their  rate  accelerations  by  virtue  of  their 
ability  to  act  as  “entropic  demons”  is  in  accord  with  widely  held  views  about 
enzyme  catalysis  in  general. 

The  impossibility  of  predicting  which  mechanism  is  predominant  in  some 
Bi2  dependent  enzymic  reactions  without  further  enzymological  data  arises 
from  the  fact  that  the  mode  of  Co-C  bond  scission  is  sensitive  to  both  the  electron 
affinity  of  the  substrate  and  the  state  of  ionization  of  the  functional  groups  on 
the  apoenzyme  inducing  the  reactions.  In  conclusion,  it  appears  that  the  most 
appropriate  question  to  ask  about  each  reaction’s  mechanism  is  not  “Which  one?”, 
but  “How  many?” 
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NOTES  SECTION 

WATERFOWL  COLLISIONS  WITH  UTILITY  WIRES:  TWO  OBSERVATIONS 

ON  THE  SOUTHERN  PLAINS.  Jerry  N.  McDonald,  Department  of  Geography, 

Radford  University,  Radford,  VA  24142. 

The  literature  documenting  and  discussing  collisions  between  birds  and  utility  wires  has 
been  accumulating  for  over  a  century  (Aldrich, /4m.  Nat.,  1 1:686, 1877).  Stout  and  Cornwell 
(/.  Wildi  Manage.,  40:681,  1976)  and  Anderson  (MM.  Soc.  Bull,  6:11 , 1978)  have  recently 
reviewed  portions  of  this  literature  and  presented  new  information  on  the  problem.  There 
has  emerged  the  realization  that  substantial  numbers  of  waterfowl  are  annually  killed  or 
injured  as  a  result  of  collisions  with  utility  wires.  Stout  and  Cornwell  concluded  that  (1)  because 
of  terrain  features  peculiar  to  the  region,  waterfowl  using  the  central  flyway  were  more 
susceptible  to  collision  with  utility  wires  than  were  waterfowl  using  other  flyways;  (2)  puddle 
ducks  were  most  susceptible  of  all  waterfowl  to  collision  with  utility  wires;  and  (3)  collision 
frequency  could  be  unrelated  to  seasons,  but  available  information  suggested  that  fewer 
casualties  occurred  during  spring  than  any  other  season.  Anderson  (1978)  recognized  5  factors 
influencing  the  frequency  of  utility  line  collisions:  (1)  the  number  of  birds  present  (the 
greater  the  population,  the  more  frequent  were  collisions);  (2)  visibility  (most  collisions  were 
attributed  to  darkness,  adverse  weather,  or  other  conditions  of  poor  visibility,  whereas  day¬ 
light  collisions  were  extremely  rare);  (3)  disturbance  (birds  were  more  likely  to  collide  with 
wires  when  startled  or  excited);  (4)  species  composition  or  behavior  (some  species  were  more 
collision-prone  than  others);  and  (5)  famiharity  with  area  (new  arrivals  appeared  more  sus¬ 
ceptible  to  collision  than  individuals  familiar  with  the  area). 

Two  instances  of  waterfowl  collision  with  utility  wires  were  observed  on  the  southern 
Great  Plains  on  May  14,  1976,  a  day  with  clear  skies  and  little  or  no  wind.  The  first  collision 
occurred  about  10  mi  west  of  Dumas,  Texas,  on  U.S.  Route  87  at  1030.  A  flock  of  about  15 
shoveler  {Spatula  clypeata)  were  observed  to  suddenly  take  flight,  having  been  startled  by  a 
tractor-trailer  passing  the  slough  in  which  they  were  located.  The  flock  became  airborn  by 
flying  away  from  the  road,  but  quickly  circled  back  toward  the  slough  and  continued  across 
the  road.  One  individual  was  observed  to  fall  from  the  air  as  the  flock  crossed  under  and  over 
the  utility  wires  which  paralleled  the  road.  This  proved  to  be  a  female  shoveler,  and  was 
dead  when  retrieved  from  the  slough. 

The  second  observation  occurred  about  12  mi  west  of  Folsom,  New  Mexico,  on  New 
Mexico  Route  72  at  about  1345.  While  this  author  was  observing  a  pair  of  bufflehead  {Bucephala 
albeola)  resting  on  a  stock  pond,  they  became  startled,  took  flight,  and  headed  across  the 
road  toward  a  smaller  stock  tank  located  about  a  quarter  mile  distant.  The  male,  flying  behind 
the  female,  struck  a  utility  wire  paralleling  the  road  and  fell  to  the  ground,  where  it  remained 
motionless.  This  individual  was  unconcious  when  retrieved,  but,  after  a  lapse  of  about  15  min, 
it  had  sufficiently  revived  to  be  released  into  the  pond.  No  apparent  injury  had  been  sustained. 
The  individual  made  its  way  across  the  pond,  initially  with  some  difficulty  but,  progressively, 
with  more  control.  After  reaching  its  mate  on  the  opposite  shore,  it  exercised  its  wings  3 
times  and  preened  its  breast  and  back  for  a  few  seconds.  Both  male  and  female  had  resumed 
sleeping  by  1415. 

The  observations  reported  here  are  of  limited  value,  but  they  do  represent  spring  obser¬ 
vations  on  the  southern  Great  Plains;  they  document  2  rare  daytime  collisions  between  water- 
fowl  and  utility  wires;  they  can  usefully  be  compared  with  the  findings  of  Stout  and  Cornwell 
(1976)  and  Anderson  (1978); and  they  raise  certain  questions  about  some  of  the  conclusions 
reached  by  these  authors.  The  2  observed  collisions  occurred  after  the  victims  had  been 
startled,  and  both  were  probably  migrants  relatively  unfamiliar  with  the  area-conditions 
agreeing  with  Anderson’s  findings  (1978).  Anderson,  (1978)  however,  reported  “Extensive 
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observations  at  the  slag  pit  revealed  that  waterfowl  almost  never  (1  in  250,000  birds)  collide 
with  the  power  lines  during  daylight  hours  when  visibility  is  good.  Thus,  most  of  the  water- 
fowl  found  dead  or  crippled  must  have  collided  with  the  power  lines  at  night,  when  weather 
was  adverse,  or  under  other  conditions  of  poor  visibility.”  Yet  I  saw  2  collisions  in  one  day 
while  passively  observing  probably  no  more  than  200  total  waterfowl.  Not  only  did  these 
collisions  occur  on  a  day  when  visibility  wasextremely  good, but  the  proportion  of  collisions 
to  birds  observed  was  much  higher  than  reported  by  Anderson  (1978).  Stout  and  Cornwell’s 
conclusion  (1976)  that  fewer  collisions  occurred  in  the  spring  than  other  seasons  might 
represent  regional  biases  in  their  data  or  excessive  generalization.  Regional  differences  in  the 
pattern  of  collision  frequency  are  to  be  expected,  with  peaks  corresponding  to  waterfowl 
activity  in  each  region.  A  bimodal  pattern  of  collision  frequency  is  probably  to  be  expected 
for  the  southern  Great  Plains,  with  peaks  corresponding  to  the  spring  and  fall  migration.  The 
fact  that  the  male  bufflehead  was  apparently  not  injured  suggests  that  collisions  with  utility 
wires  might  possibly  be  more  frequent  than  current  estimates  of  collision  frequency  based 
only  upon  dead  or  injured  waterfowl.  Reviewed  by:  Bob  H.  Slaughter,  Shuler  Museum  of 
Paleontology,  Southern  Methodist  University,  Dallas  75275. 

PHRAGMATOPOMA  LAPIDOSA  (POLYCHAETA:  SABELLARIIDAE)  RE¬ 
CORDED  FROM  THE  WESTERN  GULF  OF  MEXICO.  Deborah  L.  Potts,  Texas 

A&M  Marine  Laboratory ,  Bldg.  311,  Ft.  Crockett,  Galveston  77550. 

Phragmatopoma  lapidosa  Kinberg,  1867,  is  a  colonial  sabellariid  polychaete  that  con¬ 
structs  rather  thick  sand  grain  tubes;  the  tube  masses  may  attain  a  large  size  and  form  a 
barrier  to  protect  shore  lines  from  wave  attack.  P.  lapidosa  has  been  reported  from  the  eastern 
Gulf  of  Mexico,  but  a  literature  search  indicated  that  it  has  not  been  reported  from  the  Texas 
coast  or  the  western  Gulf  of  Mexico  (Kirtley,  D.  W.,  Intertidal  reefs  of  Sabellariidae  along 
the  coasts  of  Florida.  M.S.  Thesis,  Florida  State  Univ.,  Tallahassee,  1966). 

Seven  specimens  of  P.  lapidosa  inhabiting  sand  tubes  imbedded  in  a  sponge  were  collected 
by  Kirk  Fitzhugh  in  the  summer  of  1977.  The  sponge  was  collected  form  the  Gulf  side  of 
the  South  Jetty  at  Port  Aransas,  Texas,  approximately  46  m  from  shore  in  1.5  m  depth. 
Species  identification  was  verified  by  Dr.  Donald  E.  Harper,  Jr.,  Texas  A&M  Marine  Lab, 
Galveston,  Texas.  The  species  of  host  sponge  was  not  determined.  Additional  P.  lapidosa 
specimens  were  collected  by  Mr.  Fitzhugh  on  July  28,  1978.  These  specimens  were  obtained 
from  low,  intertidal  tube  masses  found  along  the  North  Jetty  at  South  Padre  Island,  Texas. 

Specimens  of  P.  lapidosa  have  been  deposited  in  the  polychaete  collection  of  the  Texas 
A&M  Marine  Laboratory,  Galveston,  and  have  been  retained  in  the  author’s  collection. 
Reviewed  by:  Dr.  Stephen  J.  Koepp,  Biology  Department,  Montclair  State  College,  Upper 
Montclair,  New  Jersey  07043. 
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KINETIC  ANALYSIS  OF  ORNITHINE  TRANSCARBAMYLASE  FROM  NEISSERIA 
GONORRHOEAE.  C.  N.  Powers  and  D.  L.  Pierson,  Department  of  Microbiology  and 
Immunology,  Baylor  College  of  Medicine,  Houston  77030. 

Ornithine  transcarbamylase  catalyzes  the  conversion  of  ornithine  and  carbamyl  phosphate 
into  citrulline,  an  intermediate  of  arginine  biosynthesis.  The  enzyme  was  isolated  from  Strain 
F-62,  colony  Type  4,  by  ion-exchange  chromatography  and  preparative  isoelectric  focusing. 
Optimum  conditions  for  both  stability  and  catalytic  activity  of  the  enzyme  were  established 
before  kinetic  analysis.  The  apparent  Michaelis  constants  for  ornithine  and  carbamyl  phosphate 
were  found  to  be  0.3  and  0.25  mM,  respectively.  Inorganic  phosphate  was  found  to  be  a 
competitive  inhibitor  (Ki  =  2.0  mM)  with  respect  to  carbamyl  phosphate.  Norvaline  serves 
as  the  most  effective  inhibitor  of  the  enzyme  and  is  competitive  with  ornithine.  The  structural 
requirements  necessary  for  ornithine  analogues  to  inhibit  the  enzyme  were  determined.  The 
carbon  chain  length  of  the  analogues  was  found  to  be  of  primary  importance  in  this  respect. 

COMPARATIVE  STUDIES  ON  POLYVALENT  ENTERIC  PHAGES.  M.  E.  Alvarez  and  C. 
Eklund,  Department  of  Biological  Sciences,  University  of  Texas  at  El  Paso,  El  Paso  79902. 

Comparative  studies  on  the  polyvalent  enteric  phages  DM-31,  7-11,  C2,  and  E16.P  were 
performed.  Electron  micrographs  confirmed  that  the  phages  be  classified  in  morphological 
Group  C  except  for  E16.P,  Group  A.  The  4  phages,  although  infective  for  Levinea  malonatica. 
Salmonella  newport,  Enterobacter  cloacae,  and  Erwinia  herbicola,  varied  greatly  in  the 
relative  %  of  infection  values.  Comparing  SDS-polyacrylamide  gel  electrophoresis  data,  DM-3 1 
and  7-11  appeared  to  possess  nearly  identical  structural  polypeptides  with  a  greater  variation 
exhibited  by  C2.  Two  of  the  polypeptides  of  E16,P  had  identical  migration  rates  as  DM-31 
and  7-11.  Inactivation  curves  showed  serological  relatedness  between  the  4  viruses.  However, 
k  values  indicated  that  E16.P  was  not  significantly  related  to  the  others.  Immune  electron 
microscopy  studies  illustrated  a  strong  correlation  between  serological  relatedness  and  aggregate 
formation.  Due  to  the  high  degree  of  relatedness  between  DM-31  and  7-11,  it  was  proposed 
that  one  of  these  phages  could  be  a  minor  variant  of  the  other. 

MUTATOR  MUTATIONS  IN  GENE  42  OF  BACTERIOPHAGE  T4.  N.  C.  Nwanyanwu  and 
W.  E.  Williams,  Department  of  Biology,  Texas  Southern  University,  3201  Wheeler, 
Houston  77004. 

Bacteriophage  T4,  in  which  the  nucleotide  base  cytosine  is  replaced  by  5 -hydroxymethyl- 
cytosine,  gene  42  encodes  a  dCMP  hydroxymethylase  whose  activity  is  required  for  viral 
deoxyribonucleic  acid  synthesis.  Temperature-sensitive  mutations  in  this  gene  are  therefore 
expected  to  produce  cytosine  deprivation  at  appropriate  temperatures.  Thus,  gene  42  ts 
mutants  were  examined  for  mutator  activity  by  coupling  them  with  various  well-defined  rll 
mutants  and  determining  the  reversion  frequencies  of  the  latter.  Increased  rates  of  reversion 
were  generally  observed  in  mutants  also  induced  to  revert  with  hydroxylamine,  and  therefore 
capable  of  reverting  by  G:C  to  A:T  transitions.  NIH-DRR-RR08061. 
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METABOLIC  RESPONSES  OF  AQUATIC  BACTERIAL  POPULATIONS  TO  SELECTED 
INSECTICIDES.  H.E.Mumiy,  Department  of  Chemistry,  Texas  A&M  University,  College 
Station  77843,  and  R.  K.  Guthrie,  The  University  of  Texas  School  of  Public  Health  at 
Houston,  Houston  77025. 

Indigenous  bacterial  populations  from  a  surface  fresh-water  reservoir  were  treated  by 
adding  5  mg/C  Sevin  or  Malathion  to  the  water  at  23,  28  and  33  C.  The  degradation  of  Sevin 
was  evidenced  by  the  increase  of  plate  counts,  and  increased  uptake  of  O2  as  measured  by 
Warburg  manometry.  The  principal  degradation  product  of  Sevin,  1-Naphthol,  appeared  to 
stimulate  metabolic  activity  of  these  populations  to  the  same  extent  as  the  parent  compound. 
The  addition  of  Malathion  to  this  system  appeared,  on  the  other  hand,  to  suppress  metabolic 
activity  to  some  degree,  and  to  select  for  that  segment  of  the  population  which  was  better 
able  to  metabolize  this  chemical. 

ISOLATION  AND  PRELIMINARY  CHARACTERIZATION  OF  A  SURFACE  ANTIGEN 
FROM  LISTERIA  MONOCYTOGENES.  P.  J.  Kelleher  and  B.  G.  Foster,  Department  of 
Biology,  Texas  A&M  University,  College  Station  77843. 

Preliminary  investigations  using  various  soluble  antigens  and  corresponding  antisera  have 
revealed  the  possibihty  of  a  surface  protein  antigen  on  Listeria  monocytogenes.  Because  of 
the  importance  of  surface  antigens  in  other  disease  producing  organisms  and  since  there  is 
little  information  on  Listerial  surface  antigens,  experiments  to  isolate  and  study  this  material 
were  initiated. 

A  cell-wall  rich  fraction  was  isolated  by  French  press  disruption  and  differential  centri¬ 
fugation.  The  washed  cell  walls  were  extracted  with  1%  Triton  X-100  in  phosphate  buffer 
at  pH  7.5.  Chromatography  on  DEAL  cellulose  revealed  3  fractions.  All  steps  were  analyzed 
by  polyacrylamide  gel  electrophoresis  and  Ouchterlony  gel  diffusion  with  reactive  antiserum. 

This  antigen  could  be  important  in  the  pathogenicity  of  L.  monocytogenes  by  virtue  of 
its  being  located  at  the  host-parasite  interface.  Knowledge  concerning  this  antigen  could  help 
elucidate  mechanisms  of  intracellular  parasite  survival  and  macrophage  bactericidal  function. 

ATTACHMENT  OF  ESCHERICHIA  COLI  TO  RAT  BLADDER  EPITHELIAL  CELLS  IN 
VITRO.  A.  E.  Avots-Avotins  and  C.  P.  Davis,  Department  of  Microbiology,  University 
of  Texas  Medical  Branch,  Galveston  77550. 

An  in  vitro  model  was  developed  to  investigate  attachment  mechanisms  of  E.  coli  to  tran¬ 
sitional  epithelial  cells  obtained  from  bladders  of  female  rats.  Equal  volumes  (0.5  ml)  of 

o  c 

standardized  bacterial  (1  x  10  /ml)  and  epitheUal  (1  x  10  /ml)  cell  suspensions  were  incubated 
for  1  hr.  After  removal  of  unattached  bacteria  by  repeated  centrifugation  and  phosphate 
buffered  saline  (PBS)  washes,  epithelial  cells  were  air  dried  onto  glass  slides,  stained  with 
methylene  blue,  and  the  average  number  of  adherent  bacteria  from  20  epithelial  cells  cal¬ 
culated.  E.  coli  07KL,  a  urinary  tract  pathogen,  consistantly  adhered  to  the  bladder  cells  in 
greater  numbers  than  a  non-pathogenic  E.  coli  K 12  isolate.  The  adhesiveness  of  E.  coli  07KL, 
but  not  of  E.  coli  K12,  was  impaired  by  cultivation  in  glucose-supplemented  medium,  PBS 
washes,  and  pretreatment  of  bladder  cells  with  periodate.  Comparatively,  mild  acid  hydrolysis 
of  bladder  cells  increased  adherence  levels  of  both  strains.  Hemagglutination  was  demonstrated 
only  with  E.  coli  07KL  and  could  be  inhibited  by  D-mannose.  Hemagglutination  activity  was 
also  decreased  by  PBS  washes  and  cultivation  in  glucose-supplemented  medium.  The  data 
implies  that  adherence  mechanisms  may  involve  specific  factors  on  both  bacterial  and  epithelial 
cell  surfaces.  The  adherence  mechanisms  vary  with  each  bacterial  strain,  and  the  more  efficient 
adherence  of  E.  coli  07KL  may  be  mediated  by  piU. 
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ADHERENCE  OF  KLEBSIELLA  PNEUMONIAE  TO  RAT  BLADDER  EPITHELIAL  CELLS 
IN  VITRO.  R.  C.  dindC.P.DdLVi?,,  Department  of  Microbiology,  University  of  Texas 

Medical  Branch,  Galveston  77550. 

By  controlling  the  total  time  of  growth  in  broth  medium,  piliated  and  non-piliated  pop¬ 
ulations  of  a  single  K.  pneumoniae  strain  were  obtained  and  used  in  an  in  vitro  system  to 
determine  the  role  of  pih  in  the  adherence  of  K.  pneumoniae  to  rat  bladder  epithelial  cells. 
The  in  vitro  system  consisted  of  a  mixture  of  phosphate  buffered  saline  (PBS)  washed, 
scraped  rat  bladder  epithelial  cells  and  PBS-washed  bacteria.  The  mixture  was  incubated  for 
1  hr  at  37  C  after  which  nonadherent  bacteria  were  removed  by  differential  centrifugation. 
Epithelial  cells  with  attached  bacteria  were  removed  to  a  glass  slide,  air  dried,  stained  and 
examined  by  light  microscopy.  The  piliated  phase  demonstrated  a  significant  (0.005  <  p<  0.01) 
increase  in  adherence  when  compared  to  the  non-piliated  phase.  Optimal  adherence  was 
noted  at  pH  5  while  no  differences  in  adherence  were  noted  at  incubation  temperatures  of 
4  and  37  C.  Proteolytic  enzyme  pretreatment  of  piliated  bacteria  resulted  in  a  decrease  in 
adherence.  Saccharides  known  to  inhibit  pili-mediated  adherence  caused  a  reduction  in  ad¬ 
herent  bacteria  when  added  to  the  bacteria  and  bladder  cell  mixture.  When  papain-treated 
anti-pili  antiserum  was  coincubated  with  bacteria  and  bladder  cells,  a  96%  decrease  in  ad¬ 
herence  was  noted.  Thus,  it  appears  that  pili  on  the  surface  of  K.  pneumoniae  mediate 
bacterial  adherence  to  rat  bladder  epithelial  cells. 

THE  INVOLVEMENT  OF  ADHERENCE  IN  RENAL  CANDIDIASIS.  J .  C.  Lee,  R.  W.  Osgood, 
J.  Barnes,  and  R.  D.  King,  Department  of  Microbiology,  University  of  Texas  Health 
Science  Center,  San  Antonio  78284. 

Previous  studies  on  the  pathogenesis  of  renal  candidiasis  have  indicated  that  Candida 
albicans  localizes  primarily  in  the  capillaries  of  the  renal  cortex  with  subsequent  growth  into 
the  renal  tubules.  The  mechanism  of  localization  of  these  yeasts  is  unclear.  To  demonstrate 
that  adherence  of  C.  albicans  to  renal  endothelium  is  responsible  for  localization,  viable 
blastospores  (-5)U  in  diameter)  were  injected  into  rabbit  kidneys  both  in  vivo  and  in  vitro. 
In  vivo  the  organisms  were  injected  into  the  right  renal  artery  of  New  Zealand  White  rabbits, 
whereas  in  vitro,  isolated  rabbit  kidneys  were  perfused.  Quantitative  cultures  of  the  in  vitro 
perfusing  suspensions  revealed  that  at  least  95%  of  the  organisms  were  removed  in  only  3 
passages  through  the  kidney.  Histological  examination  of  all  kidneys  revealed  that  blastospores 
were  present  in  glomerular  and  peritubular  capillaries  of  the  cortex,  but  they  were  virtually 
absent  in  the  medulla.  Transmission  electron  micrographs  suggest  that  the  yeasts  localized 
within  the  capillaries  through  adherence  to  the  endothelial  cell  surface.  This  attachment 
appears  to  be  mediated  through  surface  fibrils  originating  from  the  yeast  cells.  Evidence  of 
capillary  plugging  mediated  by  the  size  of  the  organisms  was  not  evident.  Despite  an  acute 
inflammatory  response,  the  adherent  yeasts  persisted  in  the  kidney  for  at  least  10  hr  when 
germ  tube  formation  was  extensive. 


THE  INHIBITION  OF  GLUCOSE  UTILIZATION  AND  IN  VITRO  DEXTRAN  ADHERENCE 
BY  LOW  CONCENTRATION  OF  FAGARA  ZANTHOXYLOIDES  EXTRACT.  S.  O. 
Fadulu,  Department  of  Biology,  Texas  Southern  University,  Houston  77004,  and  C.  Ogba 
and  M.  Goldschmidt,  Institute  of  Dental  Science,  University  of  Texas,  Houston  77030. 

Low  concentrations  (1-10  ppm)  of  Fagara  zanthoxyloides  extract  were  tested  on  4  oral 
streptococci.  The  study  was  designed  to  test  for  the  inhibition  of  acid  production,  pH  effect, 
and  in  vitro  dextran  adherence.  Low  concentrations  of  the  extract  were  found  to  be  inhibitory 
to  plaque  formation,  expecially  at  acid  pH  (5 .5-5.0).  Glucose  oxidase  activity  was  also  in¬ 
hibited.  However,  no  direct  correlation  between  the  different  streptococcal  organisms  and 
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their  cariogenic  activity  was  observed.  The  study  shows  that  the  probable  mechanism  of 
action  of  the  extract  is  to  stabilize  the  enamel  crystal  by  favoring  the  recrystalization  of 
dissolved  enamel  surface. 

CHRONIC,  DISSEMINATED,  SUBCUTANEOUS  ABSCESSES  DUE  TO  MYCOBACTERIUM 
CHELONEI.  P.  M.  Southern,  Jr.,  University  of  Texas  Health  Science  Center  at  Dallas, 
Dallas  75235. 

A  39-yr  old  man  presented  a  2-yr  history  of  chronic,  recurring,  deep  subcutaneous  ab¬ 
scesses  in  the  distribution  of  both  deltoid  areas,  both  anterior  and  lateral  thighs,  and  both 
buttock  areas.  He  had  no  history  of  trauma,  nor  of  any  predisposing  medical  condition. 
Previous  cultures  had  revealed  only  “Staph,”  and  many  courses  of  oral  cephalosporins  and 
dicloxacillin  had  not  been  efficacious.  Aspiration  of  pus  from  several  active  lesions  revealed 
gram -positive,  beaded,  acid-fast  bacilli  which  grew  in  24-48  hr  on  blood  agar.  There  was  no 
growth  of  any  other  microorganism.  Positive  reactions  included  semi-quantitative  catalase, 
3 -day  arylsulfatase,  urease  and  growth  on  MacConkey  agar.  Negative  reactions  included 
niacin,  nitrate  reduction.  Tween  hydrolysis,  tellurite  reduction  and  tolerance  to  5%  NaCl. 
This  organism  was  identified  as  Mycobacterium  chelonei,  and  was  susceptible  in  vitro  to 
ethambutol,  ethionamide,  kanamycin  and  tetracycline,  and  moderately  susceptible  to 
rifampin.  He  was  treated  with  kanamycin  and  tetracycline  and  has  experienced  marked 
chnical  improvement. 

PRACTICAL  ASPECTS  OF  USE  OF  SEMI- AUTOMATED  SYSTEMS  IN  MICROBIOLOGICAL 
LABORATORY.  L.  S.  Gall,  Department  of  Virology ,  Baylor  College  of  Medicine,  Houston 
77030,  and  W.  A.  Curby,  Sias  Laboratory,  Lahey  Clinic,  Boston,  MA  02109. 

The  decision  whether  to  incorporate  semi-automated  systems  for  microbiological  analysis 
into  the  laboratory  routine  is  becoming  increasingly  important.  There  are  several  practical 
aspects  that  enter  into  this  consideration,  including: 

1.  Sufficient  volume  of  work  in  laboratory 

2.  Types  of  analysis  performed  in  laboratory 

3.  Types  of  instrumentation  available  on  market 

4.  Accuracy  of  instrumented  vs.  manual  analysis 

5.  Rapidity  of  instrumented  1^5.  manual  analysis 

6.  Cost/test  of  instrumented  vs.  manual  analysis 

7.  Need  for  and  availability  of  maintenance 

8.  Complexity  of  analytical  procedure 

9.  Requirement  for  laboratory  facilities 

10.  Safety  of  instrumented  system. 

Each  factor  must  be  weighed  in  the  evaluation  and  the  decision  made  based  on  the  balance 
of  pros  and  cons, 

DETECTION  OF  MICROBIAL  GROWTH  USING  STAINLESS  STEEL  ELECTRODES. 
J.  Stockert,  P.  Welaj,  Abbott  Laboratories,  Dallas  75260,  and  J.  Parcells,  G.  Stoner,  and 
G.  Cahen,  The  University  of  Virginia,  Charlottesville  22904. 

Stainless  steel  electrodes  were  used  to  detect  microbial  growth  in  liquid  media  of  the  type 
commonly  used  for  blood  cultures.  Electronic  monitoring  of  the  potential  between  a  reference 
and  a  measuring  electrode  demonstrated  changes,  (millivolts,  mv),  in  redox  potential  of 
the  culture  medium  brought  about  by  metabolizing  bacterial  cells.  No  occurred  when 
viable,  starved,  washed  cells  (non-metabolizing)  were  suspended  in  an  isotonic  saline  solution. 
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Reproducibility  was  demonstrated  in  16  bottles  of  identical  media  and  inoculum:  baseline 
voltage  =  97.9  ±  11.5  mv,  =  97.5  ±  6.9  mv,  response  time  =  5.4  ±  0.3  hr.  Sensitivity  of 
the  method  was  shown  by  correlating  viable  plate  counts  with  the  observed Typically, 
the  began  when  the  viable  count  in  the  medium  reached  10^-10^  colony  forming  units 
(CFU)/ml.  Response  time  (T,  hr)  was  shown  to  be  primarily  a  function  of  the  individual 
bacterial  species  and  the  initial  inoculum  density  (Nq)-  For  Streptococcus  faecalis,  T  =  10.5- 
1.1  log  Nq.  The  specificity  of  the  detection  mechanism  was  such  that  a  measurable  response 
(^V^IO  mv)  occurred  with  29  bacterial  strains  tested  to  date  (8  genera). 

FLAGELLA  STAINING:  A  COMPARISON  OF  LEIFSON’S  METHOD  AND  THE  SILVER 
NITRATE  TECFINIQUE.  M.  W.  Ewing,  Texas  Department  of  Health  Laboratory,  Austin 
7<57i0.  (Present  address:  10304  Button  Quail  Cove,  Austin  78758) 

Seventy-seven  cultures  received  for  routine  identification  by  the  Texas  Department  of 
Health  Laboratory  have  been  examined  for  flagellar  configuration  using  the  Leifson  (1951, 
Staining,  shape  and  arrangement  of  bacterial  flageUa, /.  of  BacterioL,  62:37)  and  the  silver 
nitrate  methods  of  staining.  The  cultures  were  grown  in  flagella  broth  at  22  C  for  18-24  hr 
then  washed  and  stained  according  to  the  technique  outlined  by  Leifson  (1951).  Simultane¬ 
ously  the  cultures  were  grown  on  tryp tone-glucose-yeast  agar  and  motility  medium  at  22  C 
and  37  C  respectively  for  18-24  hr,  then  stained  using  a  tannic  acid  mordant  followed  by 
ammoniacal  silver  nitrate  as  a  stain.  Slides  were  examined  and  results  from  the  2  techniques 
compared.  The  results  from  the  silver  nitrate  method  were  consistent  with  Leifson’s  (1951) 
showing  it  to  be  a  reliable,  rapid  method  for  staining  of  flagella. 

AN  UNUSUAL  COLONIAL  VARIANT  OF  STAPHYLOCOCCUS.  M.  S.  Sharp  and  J.  L. 
Henderson,  Department  of  Biology,  University  of  Texas  at  Arlington,  Arlington  76019. 

In  a  search  for  inhibitor  producing  and  sensitive  indicator  strains  of  Staphylococci,  one 
of  the  indicator  strains  (G9S)  exhibited  unusual  colony  morphology  on  5 -day  old  BHI 
plates.  Further  characterization  studies  were  conducted.  After  24  hr  incubation,  G9S,  except 
for  a  smaller  diameter,  was  typically  staphylococcal  in  colonial  morphology.  By  48  hr  some 
irregularities  were  seen  in  50-80%  of  the  colonies.  After  5  days  70-100%  of  the  colonies 
exhibited  markedly  irregular  margins,  sectoring  and/or  secondary  colony  formation.  Cultural 
studies  suggested  that  certain  monovalent  cations  were  required  for  secondary  colony  pro¬ 
duction.  Identification  as  a  micrococcus  was  supported  by  arginine  hydrolysis  and  in  part  by 
lysostaphin  and  furoxone  studies.  Classification  as  a  Staphylococcus  was  supported  by  use 
of  OF,  glycerol,  erythromycin  and  NH4H2PO4  media  and  by  %  G  +  C  studies.  G9S  fit  18  of 
the  19  criteria  in  the  identification  scheme  of  Kloos  and  Schleifer  (1975,  Simplified  scheme 
for  routine  identification  of  human  staphylococcal  species,/,  of  Ginical  Microbiol.,  1:82). 
The  organism  was  classified  as  Staphylococcus  hominis,  although  unique  in  some  pigment  and 
colonial  characteristics. 

MICROWAVE  EFFECTS  ON  STREPTOCOCCUS  MUTANS.  T.  Leiby,  E.  E.  M.  Moody, 
and  J .  W.  Frazer,  Department  of  Microbiology ,  University  of  Texas  Health  Science  Center 
at  San  Antonio,  San  Antonio  78284. 

The  effects  of  microwave  on  Streptococcus  mutans  viability  were  examined  using  the 
spread  plate  technique.  Cell  suspensions  of  S.  mutans,  prepare'd  in  a  low  conductivity  solution 
to  prevent  ambient  heating,  were  exposed  to  microwave  fields  at  a  frequency  of  1.1  gHz  for 
varying  time  intervals.  Temperature  as  well  as  forward  and  reflected  powers  were  monitored. 
Significant  temperature  changes  in  suspending  solutions  were  not  observed.  Cells  received  an 
average  power  of  4  w  over  the  designated  time  intervals.  Exposed  cell  suspensions,  serially 
diluted  and  plated  on  Todd-Hewitt  agar  using  the  glass  L-rod  spreading  technique,  were 
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incubated  48  hr  at  37  C.  Colony  forming  units  (CFU’s)  were  recorded  and  compared  to  control 
levels.  Exposed  cultures  consistantly  showed  reductions  in  CFU’s  below  control  levels  with 
exposure  times  between  1  and  5  min.  Exposure  times  greater  than  5  min  resulted  in  colony 
counts  above  control  levels.  Increased  CFU’s  appeared  to  result  from  reductions  in  chain 
lengths.  Decreased  CFU’s  may  have  been  associated  with  a  “skipping”  of  a  cell  division  cycle. 
Based  on  the  Helmstetter-Cooper  model,  this  probably  occured  during  the  initiating  phase 
of  cell  division. 

EFFECTS  OF  GROWTH  MEDIA  ON  MICROWAVE  IRRADIATION  OF  CANDIDA 
ALBICANS.  C.  W.  Lutton,  J.  W.  Frazer,  and  E.  E.  M.  Moody,  Department  of  Microbiology , 
University  of  Texas  Health  Science  Center  at  San  Antonio,  San  Antonio  78284. 

These  experiments  were  undertaken  to  assess  long-term  biologically  propagated  effects 
of  microwave  irradiation  on  a  dividing  cellular  system.  Design  allowed  evaluation  of  thermal 
pulsing  on  cell  cycle  synchronization.  Candida  albicans,  an  easily  managed  eucaryote  with 
defined  growth  cycle,  was  grown  24  hr  in  BHI  medium  of  Phytone  Peptone  medium  plus 
10%  glucose.  Aliquots  of  prepared  organism  were  irradiated  at  1.1  gHz  frequency.  Forward 
and  reflected  powers  were  measured.  Relative  dielectric  constants  of  irradiated  solutions  were 
calculated.  Temperature  was  monitored  during  irradiation.  Surviving  colony  forming  units 
were  assayed  by  plating  irradiated  solutions  on  Sabouraud  Modified  Agar,  then  counting 
colonies  after  24  hr  at  25  C.  BHI  increased  conductivity  of  the  solution,  shunting  the  elec¬ 
tromagnetic  field  around  Candida  albicans  and  caused  growth  inhibition  whereas  Phytone 
Peptone  raised  intracellular  conductivity  of  Candida  albicans  and  caused  growth  stimulation. 
Results  appear  to  show  effects  that  are  surface  phenomena  or  intracellular  phenomena  de¬ 
pending  on  media.  The  effects  seen  could  not  be  due  to  thermal  pulsing. 

EFFECT  OF  MEDIUM  pH  ON  THE  LIPID  COMPOSITION  OF  SACCHAROMYCES 
CEREVISIAE .  F.  C.  W.  Koo  and  D.  H.  Larsen,  Department  of  Microbiology ,  Brigham 
Young  University,  Provo,  UT  84601. 

A  high  sterol  producing  strain  of  Saccharomyces  cerevisiae  was  grown  in  a  stirred  and 
aerated  molasses  corn  steep  liquor  medium  with  the  pH  automatically  held  constant  at  values 
of  4.0,  5.0,  6.0,  7.0,  8.0,  or  9.0.  Cell  yield  was  not  significantly  different  at  pH  values  of 
4.0  through  8.0  but  was  reduced  approximately  25%  at  pH  9.0.  The  total  lipid  content  of 
cells  grown  at  pH  5.0,  6.0,  and  7.0  and  harvested  after  12,  24,  36,  48,  or  72  hr  of  growth 
ranged  between  9  and  17%  of  the  dry  cell  weight.  Cells  grown  at  pH  8.0  or  9.0  contained 
25  to  67%  total  lipids.  High  pH  favored  accumulation  of  phospholipids  to  a  greater  degree 
than  accumulation  of  neutral  lipids.  Accumulation  of  ergosterol  and  24(28)-dehydro- 
ergosterol  was  highest  at  pH  values  of  4.0,  5.0,  and  6.0  with  the  optimum  at  pH  6.0.  The 
content  of  sterols  in  cells  grown  at  pH  8.0  and  9.0  was  very  low  in  spite  of  the  fact  that  these 
cells  contained  the  highest  total  lipids  showing  that  there  is  no  obligatory  association  between 
the  accumulation  of  sterols  and  other  lipids. 

PRODUCTION  OF  DIMETHYL  TELLURIUM  BY  THE  SOIL  FUNGUS,  PENICILLIUM  SP. 
Oscar  Blanc  and  Larry  P.  Jones,  Department  of  Biological  Sciences,  University  of  Texas 
at  El  Paso,  El  Paso  79902. 

A  Penicillium  sp.,  capable  of  growing  in  high  concentrations  (1500  ppm)  of  sodium  tel¬ 
lurite,  was  shown  to  detoxify  its  environment  through  a  methylation  process.  Metabolic 
rates  for  this  organism  were  determined  using  a  Gilson  differential  respirometer.  Tellurium, 
an  uncoupler  of  oxidative  phosphorylation,  caused  an  increase  in  respiration  and  a  build-up 
of  NADH.  NADH  was  shown  to  be  the  reducing  power  in  a  detoxification  process  that  first 
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involves  reduction  and  then  methylation.  Using  cell-free  extracts,  the  production  of  dimeth- 
yltelluride  was  carried  out  by  all  3  of  the  methylating  coenzymes:  S-adenosylmethionine, 
methylcobalamin  and  N^-methyltetrahydrofolic  acid.  However,  no  methylation  occurred 
in  the  absence  of  NADH  or  a  NADH-generating  system. 

KINETICS  OF  REPLICATION  OF  HUMAN  CYTOMEGALOVIRUS  (CMV):  DEPENDENCE 
ON  TEMPERATURE,  VIRUS  STRAIN  AND  MULTIPLICITY  OF  INFECTION.  T.  Albrecht, 
Department  of  Microbiology ,  The  University  of  Texas  Medical  Branch,  Galveston  77550. 

Five  strains  of  CMV  had  similar  kinetics  of  multiplication  at  37  C,  regardless  of  the  source 
of  human  fibroblasts  (lung,  skin  muscle,  thyroid)  employed  as  cultural  substrate.  A  logarithmic 
increase  in  virus  infectivity  began  about  24  hr  PI  and  ended  by  about  96  hr  PL  Thereafter 
the  level  of  infectivity  remained  relatively  constant  through  168  hr  PL  At  33  C,  logarithmic 
increases  in  infectivity  did  not  begin  until  after  48  hr  PI  and  infectious  levels  of  strains  AD169, 
C-87,  and  Espaillat  (Esp.)  were  substantially  reduced  from  those  observed  at  37  C.  CMV 
expression  at  40.5  C  was  dependent  on  the  strain,  multiphcity  of  infection,  and  phase  of 
virus  replication.  Replication  of  all  5  CMV  strains  was  observed  at  40.5  C  with  multiplicities 
of  infection  of  3-8  PFU/cell.  However,  virus  eclipse  was  extended  to  72  hr  PI  (except  strain 
Kerr)  and  infectious  yields  were  reduced  from  60-  to  3000-fold  relative  to  those  at  37  C. 
With  multiplicities  of  0.05  PFU/cell  replication  of  virus  at  40.5  C  was  observed  consistently 
only  with  strain  Kerr.  Shifts  of  cultures  from  40.5-37  C  suggested  that  early  events  in  the 
replication  of  CMV  were  much  less  sensitive  to  supraoptimal  temperatures  than  late  events. 

MECHANISMS  OF  COCARCINOGENESIS:  TRANSFORMATION  OF  HUMAN  CELLS 
PERSISTENTLY  INFECTED  WITH  CYTOMEGALOVIRUS  AND  EXPOSED  TO  A 
CHEMICAL  CARCINOGEN.  J.  L.  H.  Li  and  T.  Albrecht,  Department  of  Microbiology , 
The  University  of  Texas  Medical  Branch,  Galveston  77550. 

Transformation  in  vitro  of  human  embryo  lung  (LU)  cells  persistently  infected  with 
human  cytomegalovirus  (CMV)  was  demonstrated  following  exposure  of  the  persistently 
infected  cells  to  4-nitroquinoline  1 -oxide  (NQO).  Persistently  infected  cell  cultures  were 
developed  by  maintaining  LU  cells  inoculated  with  CMV  strain  76-24  at  temperatures  of 
about  40.5  C.  These  persistently  infected  cells  were  then  treated  with  0.05  /ig/ml  of  NQO 
for  48  hr.  Transformed  cells  derived  from  this  procedure,  designated  LUC-NQO,  were 
morphologically  distinct  from  LU  cells,  persistently  infected  cells,  or  NQO  treated  LU  cells. 
LUC-NQO  cells,  but  not  the  several  control  cell  cultures,  were  observed  to  divide  and  form 
colonies  with  a  relatively  high  plating  efficiency  in  a  semi-solid  medium  of  soft  agarose. 
CMV-specific  antigens  were  detected  by  a  variety  of  immunofluorescence  techniques  using 
several  human  convalescent  sera  with  good  reactivity  to  CMV.  Infectious  virus  has  not  been 
recovered  from  LUC-NQO  cells.  The  tumorigenicity  of  these  cells  is  currently  being  tested 
in  athymic  nude  mice.  These  results  demonstrate  that  the  intracellular  interaction  of  a  chemical 
carcinogen  and  a  virus  of  man  can  result  in  morphological  transformation  of  diploid  human 
cells  under  conditions  where  neither  chemical  nor  virus  alone  induced  stable  transformation. 


MECHANISMS  OF  COCARCINOGENESIS:  INACTIVATION  OF  HUMAN  CYTOMEGA¬ 
LOVIRUS  WITH  CHEMICAL  CARCINOGENS.  D.  J.  Speelman,  J.  L.  H.  Li,  and  T  Albrecht, 
Department  of  Microbiology ,  The  University  of  Texas  Medical  Branch,  Galveston  77550. 

The  effects  of  chemical  carcinogens  reacting  directly  on  viruses  which,  under  most  cir¬ 
cumstances  are  not  oncogenic,  were  examined  using  human  cytomegalovirus  (CMV),  strains 
Davis  and  AD  169,  and  4-nitroquinoline  1 -oxide.  The  infectivity  of  CMV  stocks  was  con¬ 
sistently  inactivated  with  doses  of  12.5  /ig/ml  or  greater.  Rates  of  inactivation  were  directly 
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dependent  on  the  concentration  of  NQO  over  a  range  of  5-200  jUg/ml.  At  concentrations  of 

1  /Jg/ml  or  less,  inactivation  of  virus  stock  was  not  observed,  and  at  concentrations  in  excess 
of  200  jUg/ml  the  cellular  toxicity  of  residual  NQO  prevented  quantification  of  the  relatively 
low  surviving  infectivity.  Yet  at  concentrations  of  200  /ig  NQO/ml  or  less  the  loss  of  virus 
infectivity  could  be  clearly  shown  to  result  from  the  interaction  of  NQO  with  virus  and  not 
with  cells,  since  the  addition  of  similar  doses  of  NQO  to  assay  cells  simultaneously  with  virus 
did  not  adversely  affect  the  sensitivity  of  the  assay  cells  to  measure  virus  infectivity.  Similarly 
the  effect  of  the  dimethylsulfoxide  carrier  was  shown  to  be  negligible  on  virus  infectivity 
and  on  the  sensitivity  of  human  skin  muscle  cells  to  assay  virus  infectivity  at  concentrations 
of  5%  or  less.  Inactivation  of  viral  infectivity  appears  to  depend  very  little  on  white  light 
since  both  dark  and  light  curves  were  similar. 

INHIBITOR  OF  INTERFERON  ACTIVITY  PRESENT  IN  LYMPHOKINE  PREPARATIONS. 

E,  L.  Lefkowitz,  J.  A.  Georgiades,  H.M.  Johnson,  and  W.R.  Fleischmann,  Jr., /Jepcrfmertf 

of  Microbiology,  University  of  Texas  Medical  Branch,  Galveston  77550. 

A  factor  has  beea  identified  in  T~cell  mitogen  stimulated  mouse  spleen  cell  preparations 
which  has  the  property  of  being  able  to  block  the  antiviral  action  of  interferon.  This  inhibitor 
of  interferon  action  has  been  partially  purified  by  chromatography  on  BSA  Affi-Gel  and 
Ultrogel  AcA  54  columns,  and  is  a  small  molecule  with  a  molecular  weight  of  3700-7500  da. 
It  is  resistant  to  digestion  by  trypsin,  survives  pH  2  treatment,  and  is  heat  stable  (60  C  for 

2  hr).  The  partially  purified  inhibitor  preparation  can  block  the  antiviral  effect  of  up  to  400 
units  of  interferon  on  mengo  virus  in  L  cells  when  added  as  an  undiluted  preparation  along 
with  the  interferon.  Inhibitory  activity  is  seen  even  if  the  inhibitor  preparation  is  added  to 
cells  2  hr  after  interferon.  These  results  suggest  that  the  inhibitor  molecule  does  not  interact 
with  interferon  itself,  but  probably  affects  cellular  processes.  Finally,  the  kinetics  of  inhibitor 
production  have  been  examined  in  mouse  spleen  cells  stimulated  by  different  mitogens.  It 
was  seen  that  inhibitor  production  in  SEA  stimulated  C57  Bl/6  mouse  spleen  cells  was 
detectable  after  3  days  of  mitogen  stimulation  while  in  PHA  or  ConA  stimulated  mouse 
spleen  cells  production  of  inhibitor  began  as  early  as  1  day  after  stimulation. 

ANTIBODY  PRODUCTION  TO  PARTIALLY  PURIFIED  MOUSE  IMMUNE  INTERFERON. 

Lloyd  C.  Osborne,  J.  A.  Georgiades,  and  H.  M.  Johnson,  Department  of  Microbiology, 

University  of  Texas  Medical  Branch,  Galveston  77550. 

Mouse  immune  interferon  (IIF),  produced  in  roller  bottle  cultures  of  mouse  spleen  cells 
using  the  T-cell  mitogen  staphylococcal  enterotoxin  A  (SEA),  was  concentrated  by  differ¬ 
ential  ammonium  sulfate  precipitation  and  Millipore  filtration.  IIF  was  then  purified  either 
by  bovine  serum  albumin-Affi-Gel  10  column  chromatography  or  by  sequential  Controlled 
Pore  Glass  and  phenyl  Sepharose  chromatography.  Rabbits  were  inoculated  intradermally 
and/or  intramuscularly  once  with  crude,  concentrated  IIF  and  6  times  with  purified  IIF. 
Serum  was  collected  from  the  rabbits  and  tested  for  neutralizing  activity  against  SEA-induced 
IIF  as  well  as  IIF  induced  by  other  mitogens,  including  concanavalin  A,  phytohemagglutinin 
P,  and  pokeweed  mitogen.  It  was  found  that  1  ml  of  the  serum  could  specifically  neutralize 
1200  units  of  the  IIF  preparations.  IIF  produced  in  vivo  by  challenging  BCG-sensitized  mice 
with  antigen  (old  tuberculin)  was  neutralized  to  the  same  extent.  Interferons  induced  by 
Newcastle  disease  virus  in  mouse  L  cells  or  mouse  peripheral  leukocytes  were  not  neutralized 
by  the  serum.  AU  immune  interferons,  whether  induced  by  mitogens  or  antigens,  thus  appear 
to  be  antigenically  the  same  or  simDar,  but  are  distinct  from  virus-induced  interferons. 
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ASSESSMENT  OF  MITOGENIC  ACTIVITY  OF  2-MERCAPTOETHANOL  (2ME)  ON 
C58AVMD  SPLENOCYTES.  P.  S.  Duffey,  T.  Leiby,  and  R.  Yinit,  Department  of  Microbiology, 
University  of  Texas  Health  Science  Center  at  San  Antonio,  San  Antonio  78284. 

2--Mercaptoethanol  is  a  B-cell  mitogen  for  lymphocytes  from  several  strains  of  mice,  but 
not  for  those  from  CBA/N  mice.  CBA/N  mice  also  do  not  respond  mitogenically  to  bacterial 
lip  op  oly  saccharide  (LPS),  another  B-cell  mitogen.  Analogous  to  CBA/N  mice,  C58/WMD 
mice  do  not  respond  well  to  LPS  and  other  B-cell  mitogens  in  blastogenesis  assays.  However, 
the  response  of  C58/WMD  mice  to  2ME  has  not  been  reported.  In  this  study,  2ME  was  not 
found  to  stimulate  ^H-Thymidine  uptake  in  C58/WMD  splenocyte  cultures  when  50  juM 
2ME  was  used  alone,  but  did  stimulate  uptake  when  used  with  5%  fetal  bovine  serum  (FBS). 
When  tested  with  optimal  doses  of  T- and  B-cell  mitogens,  2ME  alone  had  no  effect.  However, 
with  mitogens  present,  50  jUM  2Me  plus  5%  FBS  gave  5-  to  8-fold  higher  uptake  than  5% 
FBS  alone,  although  the  stimulation  index  (test  uptake/control  uptake)  was  not  affected. 
When  the  amount  of  FBS  in  the  culture  was  reduced,  the  amount  of  2ME  also  had  to  be 
reduced  to  achieve  optimal  stimulation.  2ME  was  able  to  augment  stimulation  with  5  of  7 
FBS  lots  tested,  but  inhibited  stimulation  with  2  lots,  suggesting  interaction  or  synergism 
with  serum  substances.  2ME  did  not  affect  viabihty  in  pH  stable  media,  but  did  in  pH  non¬ 
stable  media.  2ME  appears  to  interact  with  serum  substances  to  augment  metabohc  activity 
in  C58/WMD  splenocyle  cultures,  but  like  CBA/N  cells,  C58/WMD  cells  do  not  respond  to 
2ME  as  a  mitogen. 

A  SIMPLE  METHOD  FOR  THE  CONCENTRATION  OF  INFLUENZA  VIRUS  FROM 
ALLANTOIC  FLUID  ON  MICROPOROUS  FILTERS.  Sagar  M.  Goyal,  Henry  Hanssen, 
and  Charles  P.  Gerba,  Department  of  Virology  and  Epidemiology ,  Baylor  College  of 
Medicine,  Houston  77030. 

Several  studies  have  reported  the  use  of  negatively  charged  filters  for  the  concentration 
of  enteroviruses.  These  filters  have  not  been  found  suitable,  however,  for  enveloped  viruses. 
In  this  present  study  is  reported  the  concentration  of  influenza  virus  from  allantoic  fluid  using 
positively  charged  filters.  The  concentration  procedure  involves  lowering  the  pH  of  virus 
harvests  to  6,  adsorption  of  virus  to  positively  charged  zeta  filters,  and  subsequent  elution  of 
the  virus  with  bovine  serum  albumin  +  IM  NaCl  (pH  10)  or  0.5M  NaCl  (pH  9). 

EVALUATION  OF  VARIOUS  WATER  SAMPLERS  FOR  VIROLOGICAL  SAMPLING. 
De-Shin  Wang  and  Charles  P.  Gtibdi,  Department  of  Virology  and  Epidemiology,  Baylor 
College  of  Medicine,  Houston  77030. 

A  porcelain  cup  soil  water  sampler  (Soil  Moisture  Equipment  Corp.,  Santa  Barbara,  CA), 
Porcelain  tube  sampler  (Soil  Moisture  Equipment  Corp.,  Santa  Barbara,  CA),  and  ceramic 
samplers  constructed  in  our  laboratory  were  evaluated  for  virological  sampling  from  both 
tapwater  and  secondary  treated  sewage.  The  ceramic  samplers,  consisting  of  copper  tubes 
with  porous  ceramics  bounded  to  one  end,  were  specially  constructed  to  obtain  water  samples 
from  soil  columns  in  the  laboratory.  PoUovirus  Type  l(LSc),  T-2  phage,  and  MS-2  phage 
were  mixed  with  tapwater  or  sewage  samples,  either  unfiltered  or  filtered  through  a  0.45  jUm 
(MiUipore  HA)  membrane  filter,  to  obtain  a  concentration  of  10^-10^  PFU/ml.  Both  the 
porcelain  cup  soil  water  sampler  and  the  porcelain  tube  sampler  gave  relatively  low  recoveries 
of  poliovirus  1  and  T-2  phage.  The  recoveries  of  these  2  viruses  from  tapwater  and  sewage 
with  the  ceramic  samplers  were  high,  ranging  from  75  to  111%,  All  3  samplers  gave  high 
recoveries  of  MS-2  phage  from  tapwater.  These  results  suggest  that  the  efficiency  of  these 
samplers  for  virological  sampling  depends  upon  the  types  of  viruses. 
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jS-HEMOLYTIC  STREPTOCOCCI  FROM  THROAT  CULTURES  OF  CATS.  J.  C.  Reitmeyer, 
Adam  Ewert,  and  Etta  Macdonald,  Department  of  Microbiology,  University  of  Texas 
Medical  Branch,  Galveston  77550. 

Cultures  of  lesions  from  14  of  20  cats  (70%)  experimentally  infected  with  Sporothrix 
schenckii  and  Brugia  malayi,  were  positive  for  Group  G  Streptococcus.  All  of  the  cats  were 
individually  caged  and  aseptic  technique  had  been  used  when  thQ/^  were  infected  with  the  experi¬ 
mental  organisms,  raising  the  question  of  the  origin  of  the  Group  G  Streptococcus.  Throat 
cultures  were  obtained  from  the  20  experimental  cats.  In  12  of  14  cats  with  lesions  which 
were  positive  for  Streptococci,  a  throat  culture  was  also  positive  for  a  ^hemolytic  streptococ¬ 
cus.  All  of  these  were  identified  as  Group  G.  Of  the  6  cats  in  which  Streptococci  were  not 
cultured  from  the  lesions,  2  had  throat  cultures  which  were  positive  for  |S-hemoly tic  Strepto¬ 
cocci.  One  was  a  Group  G  and  one  was  a  Group  C.  j3-Hemolytic  Streptococci  were  also  re¬ 
covered  from  8  of  20  control  cats  (40%).  One  was  a  Group  A,  2  were  Group  C  and  5  were 
Group  G  (62.5%).  Presence  of  Group  G  Streptococci  in  the  throat  flora  combined  with  the 
grooming  habits  of  cats  could  account  for  some  of  the  spontaneous  skin  infections,  but  this 
does  not  appear  to  account  for  all  of  the  cases. 

TEMPERATURE  SENSITIVITY  DURING  INCUBATION  OF  SPOROTHRIX  SCHENCKII. 
Etta  Macdonald  and  J.  C.  Reitmeyer,  Department  of  Microbiology,  University  of  Texas 
Medical  Branch,  Galveston  77550. 

When  suspensions  of  Sporothrix  schenckii,  prepared  as  inocula  for  experimental  animals, 
were  examined  for  viability,  descrepancies  in  growth  were  observed  among  cultures  incubated 
at  37  C,  suggesting  that  temperatures  inside  the  incubator  may  have  varied  significantly.  To 
test  this,  locations  in  the  incubator  were  selected,  temperature  monitoring  devices  were 
installed,  and  pair  plates  made  from  the  same  suspension  of  S.  schenckii  were  distributed  to 
each  location.  Temperatures  were  monitored  while  the  plates  incubated  for  8  days.  Growth 
results  were  recorded  and  compared  to  findings  at  25  C  (room  temperature).  Temperature 
ranges  at  the  locations  were  35.2-36.5 , 36.6-37 .7, 38.3-39.5 , 41.3-42.4,  36.3-39. 1 , 38.3-39.2, 
and  40.0-42.0  C.  The  largest  number  of  colonies  at  any  location  was  less  than  1/4  that  at 
25  C.  No  growth  occurred  at  temperatures  remaining  continuously  at  40  C  or  above.  Above 
36.5  C  colonies  were  very  much  fewer  in  number  and  smaller  than  those  on  companion 
plates  one  plate-thickness  above  the  shelving.  It  appears  that  S.  schenckii  is  sensitive  to  small 
degrees  of  difference  in  temperature  in  the  range  of  35-42  C,  and  that  continuous  exposure 
to  temperatures  of  40  C  or  above  is  lethal. 

THE  EFFECT  OF  FREEZING  TEMPERATURES  ON  THE  VIABILITY  OF  SPOROTHRIX 
SCHENCKII.  J.  C.  Reitmeyer  and  Etta  Macdonald,  Department  of  Microbiology,  Uni¬ 
versity  of  Texas  Medical  Branch,  Galveston  77550. 

Yeast  cells  of  Sporothrix  schenckii  (ATCC#14804)  suspended  in  6  solutions  were  dispensed 
in  12  x  37  mm  screw  cap  vials.  Vials  of  each  suspension  were  stored  at  4  C,  -20  C,  and  in 
nitrogen  vapors  at  -104  C  and  -180  C.  The  solutions  were  the  media  in  which  the  cells  were 
grown,  brain  heart  infusion  broth  (BHI),  either  alone  or  with  5%  or  10%  dimethylsulfoxide 
(DMSO)  and  phosphate  buffered  saline  (PBS)  alone  or  with  either  5%  or  10%  DMSO.  After 
3  wk  storage,  samples  from  the  various  temperatures  were  thawed  in  a  37  C  waterbath. 
Viability  was  determined  from  pour  plates  of  Sabouraud’s  agar  incubated  at  room  temperature 
for  7  or  8  days.  Viability  at  freezing  temperatures  was  greatest  in  the  samples  frozen  in  BHI 
broth  at  the  2  temperatures  below  -100  C,  and  the  results  were  very  similar  (350  x  10^);  the 
addition  of  DMSO  did  not  enhance  viability.  Viability  at  -20  C  was  approximately  doubled 
when  DMSO  was  present  at  the  10%  level  (145  x  10^).  Viability  of  cells  from  all  samples 
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frozen  in  PBS  was  quite  similar  (180  x  10  )  whether  or  not  DMSO  was  present.  Maximum 
viability  existed  at  4  C  in  PBS  (1400  x  10^);  however,  the  addition  of  DMSO  did  reduce 
viabihty  slightly. 

THE  REGULATION  OF  cl  GENE  ACTIVITY  OF  PHAGE  P22  DURING  LYSOGENIZ  ATION. 
Shin-Ichi  Tokuno,  Department  of  Biology,  Texas  A&I  University,  Kingsville  78363. 

Immediately  after  an  infection  of  Salmonella  with  the  phage  P22,  transcription  begins  at 
Vx  and  extends  to  the  left,  resulting  in  the  production  of  the  gene  c3  product.  Transcription 
begins  at  K5  and  extends  to  the  right  to  produce  the  gene  product  of  cl  and  18  and  12.  The 
gene  products  18  and  12  are  involved  in  the  P22  viral  DNA  synthesis.  The  cl-c3  interacts 
with  the  host  RNA  polymerase  to  activate  the  promotor  for  repressor  establishment  ipre)  to 
initiate  transcription  of  c2  gene.  This  interaction  by  cl  has  negative  regulation  on  viral  DNA 
synthesis.  The  cl  interaction  at  pre  can  be  enhanced  by  slowing  the  rate  of  viral  DNA  synthesis 
by  cly  mutation. 

COMPARATIVE  STUDY  ON  PHOSPHATE  UPTAKE  AND  UTILIZATION  IN  NORMAL 
AND  ROUS  SARCOMA  VIRUS  TRANSFORMED  RAT  KIDNEY  CELLS.  M.  B.  Openshaw 
and  Y.  C.  Chen,  Department  of  Biological  Sciences  and  Genetics  Center,  North  Texas 
State  University,  Denton  76203. 

Normal  rat  kidney  fibroblasts  and  normal  rat  kidney  fibroblasts  transformed  with  Rous 
sarcoma  virus  have  been  analyzed  for  phosphate  uptake  and  utihzation  using  H3  PO4. 
Uptake  studies  were  performed,  followed  by  washing  and  homogenization  of  the  cells. 
Portions  of  the  homogenate  were  precipitated  with  TCA  to  determine  TCA  soluble/TCA 
insoluble  ratios.  The  remaining  homogenate  was  centrifuged  to  separate  membrane  and  cytosol 
fractions  for  SDS-PAGE  electrophoresis.  The  results  indicated  minimal  differences  in  the  2 
cell  lines  in  total  uptake  and  incorporation  into  TCA  insoluble  fractions.  However,  variation 
in  the  electrophoretic  patterns  did  exist,  showing  fewer  distinguishable  peaks  in  the  trans¬ 
formed  cells. 

This  work  was  supported  by  NTSU  Faculty  Research  Grants  Nos.  34917  and  34808. 

IN  VITRO  EFFECT  OF  N,  N-BIS  (ETHYLENE)-P-(l-ADAMANTYL)  PHOSPHONIC 
DIAMIDE  ON  ROUS  SARCOMA  VIRUSES.  T.  L.  McGraw  and  Y.  C.  Chen,  Department 
of  Biological  Sciences  and  Genetics  Center,  North  Texas  State  University,  Denton  76203. 

N,  N -Bis  (Ethylene)-P-(l-Adamantyl)  phosphonic  diamide  has  shown  antiviral  activity 
against  avian  sarcoma  viruses  in  vitro.  The  drug  inhibited  virus  replication  and  transformation 
when  added  to  chick  embryo  cells  prior  to  infection  with  Rous  sarcoma  virus  (RSV).  The 
addition  of  the  compound  to  RSV-transformed  rat  kidney  cells  did  not  cause  them  to  change 
from  the  transformed  phenotype  to  normal  phenotype.  Also,  the  compound  has  no  effect 
on  adsorption  of  RSV  to  their  host  cells.  These  results  suggest  that  the  antiviral  action  of 
the  drug  appears  to  interfere  with  an  early  step  in  virus-cell  interaction  after  adsorption. 

INHIBITORY  ACTION  OF  RODENT  AND  OPOSSOM  SERUM  ON  CROTALUS  ATROX 
VENOM.  Robert  Ramirez,  Vivian  E.  Garcia,  John  C.  Perez,  and  Shin-Ichi  Tokuno,  Texas 
A&I  University,  Kingsville  78363. 

In  this  study,  the  authors  reported  that  some  warm-blooded  rodents  have  antihemor- 
rhagic  factors  in  their  serum.  It  was  found  that  the  serum  can  neutralize  the  cytolytic  action 
of  rattlesnake  venom.  The  established  monkey  kidney  cell  monolayer  was  treated  with  venom 
of  various  dilutions  in  Puck’s  balanced  salt  solution.  High  concentration  of  venom  in  a  few 
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minutes  induce  a  detachment  of  the  monolayer.  The  addition  of  sera  (Neotoma,  Sigmadon, 
and  Didelphis)  to  venom  blocked  this  monolayer  detachment.  Serum  of  rabbit  or  mouse 
were  unable  to  block  cell  detachment. 

A  DOUBLE-BLOT  TRANSFER  ON  DNA  FROM  AGAROSE  GELS.  M.  P.  Moyer,  K.  Pierson, 
and  R.  C.  Moyer,  Thonnan  Cancer  Laboratory,  Trinity  University,  San  Antonio  78284. 

Simian  virus  40  and  bacteriophage  X  DNA  were  labeled  using  ^^P  deoxynucleotide  tri¬ 
phosphates,  cleaved  with  restriction  endonucleases  and  electrophoresed  on  replicate  agarose 
slab  gels.  The  labeled  DNA  was  transferred  to  nitrocellulose  (nc)  filters  by  modifications  of 
the  Southern  (1975,7.  Mol.  Biol,  98:503)  “blot”  technique.  The  efficiency  of  DNA  transfer 
was  assessed  by  autoradiography  and  scintillation  counting.  Substitution  of  absorbent  clay 
blocks  for  paper  towels  and  transfer  of  DNA  from  frozen  gels  saved  time,  effort,  and  ex¬ 
pendable  materials,  with  no  loss  in  transfer  efficiency.  A  double  blot  transfer  method  was 
developed  to  obtain  essentially  identical  nc  filters.  Gels  containing  single  stranded  DNA  were 
sandwiched  on  both  sides  with  2  wetted  nc  and  thick  Whatman  filter  papers,  wrapped  in 
plastic,  and  frozen  flat  at  -20  C  for  at  least  8  hr.  The  plastic  wrap  was  removed,  and  clay 
blocks  were  placed  on  each  side  of  the  gel-filter  paper  sandwich  and  clamped  together.  DNA 
was  transferred  within  2  hr,  as  the  gel  thawed  at  room  temperature.  Autoradiograms  and 
counts  of  cut-out  bands  showed  that  the  nc  filters  were  mirror  images  and  that  each  contained 
40-45%  of  the  labeled  DNA.  This  method  should  have  many  apphcations,  e.g,,  in  recombinant 
DNA  studies,  because  it  provides  a  way  to  obtain  essentially  identical  filters  containing  DNA 
which  can  subsequently  be  hybridized  to  2  different  probes.  This  study  was  supported  by 
Thorman,  Morrison,  and  Kleberg  Trusts. 

HEMAGGLUTINATION  OF  HUMAN  AND  SHEEP  ERYTHROCYTES  BY  ESCHERICHIA 
COLI  URINARY  PATHOGENS  COMPARED  TO  HEMOLYSIN  PRODUCTION  AND 
SEROGROUPING.  C.  Green  and  V.  Thomas,  University  of  Texas  Health  Science  Center, 
San  Antonio  78284. 

Two  hundred  sixty-five  strains  of  Escherichia  coli  isolated  from  patients  with  urinary 
tract  infections  were  tested  for  their  ability  to  hem  agglutinate  (HA)  human  erythrocytes; 
148/265  (56%)  were  HA  positive.  In  contrast,  6/23  fecal  E".  coli  strains  isolated  from  healthy 
controls  (26%)  were  HA  positive.  Sixty-one  percent  (86/142)  of  the  strains  isolated  from 
patients  with  kidney  infections  were  HA  positive  and  58/1 18  (49%)  of  the  strains  from  patients 
with  bladder  infections  were  HA  positive.  There  was  a  strong  correlation  between  HA  and 
production  of  hemolysin;  64/90  (71%)  of  the  isolates  that  produced  hemolysin  also  hemag- 
glutinated  human  erythrocytes.  We  did  not  find  a  correlation  between  HA  and  motility. 
There  was  a  marked  correlation  of  HA  of  human  erythrocytes  and  certain  serogroups  of  the 
E.  coli  isolates.  Serogroups  04,  07  and  050  were  almost  always  HA  positive  (57/63,  90%). 
In  contrast,  E.  coli  025  was  usually  HA  negative  (19/21,  90%).  Of  the  148  strains  HA  positive 
for  human  erythrocytes,  103  (70%)  were  also  HA  positive  for  sheep  erythrocytes;  thus,  45 
strains  hemagglutinated  human  erythrocytes  but  not  sheep  erythrocytes,  indicating  the  im¬ 
portance  of  using  human  erythrocytes  in  HA  tests. 
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limbatus-,  257,  260,  263 
na tutor-,  257 
porosus;  260 
Carya 

illinoensis-,  86 
ovata\  146,  148t 
t  ex  ana-,  87 

Casserly,  D.  M.,  E.  M.  Davis,  “Indicator 
and  Pathogenic  Bacteria  Relation¬ 
ship  in  Stormwater  Runoff’;  285 
Casto,  S.  D.,  “A  New  Syringophihd 
Mite  from  the  White-Winged  Dove”; 
225 

Cavusgnathus 
altus-,  314 
unicornis-,  313f 
Celtis 

laevigata-,  86 
Cemophora 
coccinea 

copei-,  15  8t 
Cenozoic  time;  8 
Centrarchidae;  231 
Ceratium-,  240 
cercariae;  53,  54,  56,  57 
cercarial;  53 
death;  53 
lysis;  53,  54,  57 
morphology;  54 
responses;  53,  54,  57 
cercaricidal;  53 
activity;  54 
effect;  54 
factor;  53,  57 
responses;  57 
serum;  53 

Cercopithecoidea;  268 
Chaetetes-,  312 
5-chloro-2-nitrophenol;  293 
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chloroanilinium 

2- ;  99,  100,  101 

3- ;  99,  100, 101 

4- ;  99,  100, 101 

chlorophyta;  239,  241t,  242,  243 
chlorosulfonylisocyanate;  297 
chromatography 
gas-liquid;  101 

Chrysophyta;  239,  24 It,  243,  245 
clay 

clasts;  25,  30,  35 
-shales;  119,  120,  122t 
liquid  limit;  119 
plasticity  index;  119 
potential  volume  change;  119 
Clethra 

macrophylla;  143,  146,  146t 
clinopyroxene;  5,  9,  lOt,  13,  14,  16, 
18,  19 

microphenocrysts;  9 
phenocrysts;  9 
skeletal;  14 
Cnidoscolus 

urens;  146t,  148t 

coenzyme  B12;  343,  344,  345t,  347, 
348f,  349t,  350,  351,  35  If,  360 
Coleus;  338 

coliform;  285,  286,  288,  289 
fecal;  285,  286,  286f,  291f 
Columba 
livia;  225 
Columbidae;  225 
Columbiformes;  225 
Columbina 

passerina;  225 
connective  tissue;  60 
sheaths;  60 
substrata;  60 
copulatory  organs;  39 
Cornish-Fisher  expansions;  303,  306, 
307 

corpus  luteum;  63 
cotectic;  16 

diopside-plagioclase;  16 
ohvine-chnopyroxene;  16 
Couch,  E.  F.,  see  Gaston,  C,  J. 
Coulombic  repulsion;  99 
craniofacial  morphogenesis;  267,  270 
Crawfish  Draw;  217,  218f,  220 
creationist’s  view;  187 
cross  laminae;  25,  29f,  30f,  33,  35 
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Cro  talus 

atrox;  157,  158t 
viridis 

viridis;  158t 
crustecdysone;  135 
Cruziana  assemblage;  25,  29,  34 
Cryptophyta;  239,  241t,  242,  243, 
245 

cryptorchid;  61 

crystal-field  parameters;  115,  117 
cyanophyta;  239,  241t,  243,  245 
cyclopropanone;  296,  297f 
Cyperus;  148t 
Cytisine;  321 

D 

Darby,  S.  J.,  see  Hopkins,  A.  W. 
dasyatid  ray;  255,  262 
Dasyatis 

Sabina;  262 
americana;  262 

Davis,  E.  M.,  see  Casserly,  D,  M. 

Davis,  J.  A.,  see  Washington,  A.  C. 
Dawson,  W.  C.,  “Storm-Deposited 
Arenites;  Pecan  Gap  Formation, 
Collin  County,  Texas”;  25 
DEAE-cellulose;325,  330 
decalin;  296 

anhydride;  296,  297f 
diester;  296 
c/s'-decalin- 

9.10- dicarboxyimide;  296,  297f 

9.10- dicarboxylic  acid;  296 

Dee,  S.  W.,  V.  J.  Hoff,  “The  Use  of 
Certain  Epidermal  Cell  Character¬ 
istics  in  Distinguishing  Closely  Re¬ 
lated  Species  of  Gaura  (Onagraceae) 
and  Their  Possible  Hybrids”;  131 
dehydroepiandrosterone;  63 
Desmodium;  148,  148t 
Dessau  Formation;  7f,  8 
deterministic 
model;  75,  80 
solution;  75 
detritus;  45, 49 
organic;  50 
Diadophis 
punctatus 

arnyi;  157,  15  8t 
diazomethane;  296 
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dibromocarbene;  297 
dibromotricyclo-(4.4.L0)-undecane 
10-;297,297f 
11,11-;  297,  297f 
dicarboxylic  acid;  296 
dichloroaniline 

2.3- ;  99,  100,  101 

2.4- ;  101 

2.5- ;  99,  100,  101 
3,4-;  99,  100,  101 

dichlorocarbene;  297 
dichlorotricy  clo-(4.4 . 1 .0)-undecane 
11,11-;  297,297f 
Dictyostelium 

discoideum;  171,  172,  174,  174f, 
175,  177,  178,  179,  180,  183, 
184 

culturing  and  harvesting  tech¬ 
nique;  172-173 
development  cycle;  177 
influence  of  folic  acid  on  growth 
and  development;  177-184 
production  of  biochemical  prod¬ 
ucts;  177,  178 
dienophile;  296 

dihydrofolate  reductase;  177,  178, 
179,  180,  181,  182,  183,  184 
dimethyl  1,4-epoxy- 

ci  s— decal  in-9,1 0— dicarboxy  late ; 
296, 297f 

'^^’^-m-decalin-9,10-dicarboxy- 

late;296,297f 

Diopatra 

cuprea;  165,  167,  168 
dipeptide;  247,  250 
directing  group; 99 
meta-;  99,  100 
ortho-;  99,  100 
para-;  99,  100 
DNA;338,  339 
Dorsal 

Idiosoma;  226,  227 
dragonfly  nymphs;  85 , 87 
draws;  213,  215, 216f,  217,219,220, 
221, 222 
Blackwater;  217 
Callahan;  217 
Crawfish;  217,  218f,  220 
Running  Water;  217 
dredge  material; 

animal  activity  on  planted  and  un¬ 
planted;  161-168 
depositing;  161,  162 
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Dromogomphus 
spinosus;  89f 
spoliatus;  89f 
dunes;  213,  217,  219,  221 
Dy  them  is 
fugax;  92f 

nigrescens;  85,  92f,  94 
velox;  92f 

E 

Eagle  Ford  Formation;  7f 
ecdysone;  135 
echinoderm;  19 
Edwards  Formation;  7f 
Edwards,  R.  J.,  “A  Report  of  Guadalupe 
Bass  {Micropterus  treculi)  x  Small- 
mouth  Bass  (M-  dolomieui)  Hybrids 
from  Two  Localities  in  the  Guad¬ 
alupe  River,  Texas”;  232 
ejecta;  5 
Elaphe 
guttata 

emroyi;  15  8t 

elasmobranchs;  255,  256f,  257,  258, 
259,263 
electrophilic 

aromatic  substitution;  100 
reagent;  100,  101 
Ellenburger  Group ;  3 10,  311 
Ellis,  C.  J.,  see  Sund,  E.  H. 
endobenthic  organisms;  34 
enol-keto  equilibrium;  294,  295 
Enterobacter 

aerogenes;  172,  178 
epoxy  diester;  296,  297f 
Equisetum;  144 
erosive  agents;  25 
estrogens;  59,  60,  62,  63 
estradiol;  59 
estrone;  59 

ethyl  c/s-decalin-9-carboxy-lO-car- 
boxylate;  296,  297f 
Eugenia 

capuli;  146t,  148t 
Euglenophyta;  239,  24 It,  242,  245 
euhedral;  10,  13 

titanomagnetite;  13,  14 
eutectic 

nepheline-albite;  18 
Evett,  T.  L.,  see  Sund,  E.  H. 
evolution;  187 
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Ewen,  J.  A.,  “Reaction  Mechanisms 
of  Coenzyme  B12  and  Methylco- 
balamin”;  343 

F 

facies;  25,  35 
glauconitic;  27 

Fagus 

mexicana;  144 
Falcidens;  28 If 
Farancia 
abacura 

reinwardti\  158t 
fauna;  34 
micro-;  27 
faunal;  34 
feldspathoids;  9 

fenugreek  seeds;  333,  335 1,  336 f, 

337f,  338t,  339f,  340t 
field  crickets;  125-130 

conspecific  calling  songs;  125 
phototaxis;  126 

Finley,  R.  J.,  see  Woodruff,  C.  M.,  Jr. 
fish 

albumin;  57 
globulins 
beta;  57 
gamma;  57 
folic  acid;  177 

influence  on  growth  and  develop¬ 
ment  in  Dictyostelium  discoideum; 
177-184 

Font,  R.  G.,  “Geotechnical  Properties 
of  Unstable  Clay-Shales  in  North 
Central  Texas;  119 
frangomeric  effect;  296 

G 

Galeocerdo 

cuvieri ;260,  263 

Gaston,  C.  J.,  W.  B.  Smith,  W.  J. 
Supra-Stomal  Organ -A  New  Struc¬ 
ture  in  the  Lohstei  Homanis  amer- 
icanus”',  135 
americanus”’,  135 
Gaura\  131,  132 

dermreei\  131, 132, 133f,  134f 
filiformis\  131 

lindheimerv,  131,  132,  133f,  134f 
longiflora- 131,  132,  133f,  134f 
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Geckobiella 
texana;  103 

Georgetown  Formation;  7f 
glass 

devitrified ;  1 3 
glauconite;  25,  27,  34 
genesis;  35 

member;  27,  28,  28f,  29,  30,  32, 
32f,  33,  34,  35 

7-glutamyltyrosine;  247,  248,  249, 
249t,  250,  250t,  251,252 
Glyceridae;  39 
glycerids;  39 
Gnathodus 

bilineatus;  313f,  314 

-Cavusgnathus  altus  Zone ;  3  09 , 
314, 315 
commutatus 

commutatus;  313f,  314 
girtyi 

girtyi ;  3 13  f,  314 
Gnathosoma;  226,  227 
Gomphoides 
albrighti\^9f 
stigmatus;  89f 
Gomphus;  88,  89f 
militaris;  89f 

Gracy,  R.  W.,  see  Izaddoost,  M. 
growth  chamber;  66 
Gryllidae;  125 
Gryllotalpidae;  128 
Gryllus 

integer;  125, 126, 127, 127f,  127t, 
128, 128t 129, 130 
pennsylvanicus ;  125 
mbens;  129 

Gustavson,T.  C.,see  Woodruff,  C.  M., 

Jr. 

H 

j(3-haio 

acids;  296 

-carboxylic  acid;  295 
Hardy,  C.  A.,  “Retreat  from  Knowl¬ 
edge:  A  Textbook  View  of  Biol¬ 
ogy”;  187 

Harper,  D.E.,Jr.,C.  R.  Shelton,  G.  E. 
WiUiams,  III,  K.  W.  Johnson,  “The 
Occurrence  of  Pisionidens  indica 
(Polychaeta:  Pisionidae)  in  the 
Western  Gulf  of  Mexico”;  39 
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harzburgite;  21 
dunite;  21 
inclusion;  5 

Hellinger  integral;  207,  208,  209 
hemacytometer;  178 
Hemigrapsus\  136 
heparin,  328 
HEPES  buffer;  328 
Heterodon 
nasicus 

gloydi\  15  8 1 
nasicus  \  15  8 1 
platy  rhinos;  15  8 1 

Hill,  G.  W.,  “Biogenic  Sedimentary 
Structures  Produced  by  the  Mole 
Crab  Lepidopa  websteri  Benedict”; 
43 

Hoff,  V.  J.,  see  S.  W.  Dee 
Holder,  D.  P.,  see  Sund,  E.  H. 
Holocene  storm  deposits;  25,  26,  30, 
32,  34 

Homams;  135,  136 

americanus;  135,  137f,  138f,  139 
Hong,  K.  H.,  see  Synek,  M, 

Hopkins,  A.  W.,  S.  J.  Darby,  “The 
Phytoplankton  Flora  of  Northern 
Lake  Arlington,  Texas”;  239 
Hosek,  W.,  see  Synek,  M. 
host-parasite;  75 
interaction;  75 

Huggins,  F.  N.,  “Generahzed  Lipschitz 
Conditions  11”;  109 
hydrogen  chloride;  100,  101 
4-hydroxypipecolic  acid;  247,  248, 
249,  249t,  250,  251 
hypobromous  acid;  296 

I 

Ichnanthus 

nemorosus;  143,  146,  148t,  149 
Idiognathoides 
opimus  313f 
sinuatus;  313f,  314 
igneous;  5,  6,  8,  9,  lit,  16,  19,  20t, 
21,  22 
influx ;  33 

International  Critical  Tables;  190 
intrastratal  trails;  43,  45,  46,  47,  48f, 
49 

invertebrates;  27 1 
benthic;  271,  274 
epifaunal;  271,  274 
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Ipomoea;  148t 

IRA;  325,  326,  328,  329,  329t,  330 
isotropic  fabric;  29,  33 
Izaddoost,  M.,  “Synergistic  Effects  of 
Alkaloids  and  Pipecolic  Acid  on 
the  Toxicity  of  the  Seeds  of  Sophora 
secundiflora  ”  ;3 1 9 

Izaddoost,  M.,  R.  W.  Gracy,  “Occur¬ 
rence  and  Chemotaxonomic  Use 
of  Uncommon  Ninhydrin-Reacting 
Compounds  Found  in  the  Genus 
Sophora";  247 

J 

Jensen,  S.  L.,  J.  T.  White,  “Bounded 
Slope  Variation  and  a  Generalized 
Derivative”;  207 

Johnson,  K.  W.,  see  Harper,  D.  E.,  Jr. 
Juniperus 
ashei;  86 

K 

Kladognathus;3l4 

L 

L-glutamine;  328 
lactam;  297,  297f 
Lagodon 

rhomboides  ;25S 
lahars;  5,  8 

laminae;  27,  28,  33,  34,  35 
quartzose;  27 
Lampropeltis 
call  igas  ter 

calligaster;  158t 
getulus 

holbrooki;  157,  158t 
triangulum;  158t 
amaura;  15  8 1 
gent  ills;  15  8 1 
syspila;  158t 
lapilli;5,  19 
tuff;  6,  19 
Lathyrus;  253 

Latimer,  D.  C.,T.  G.  Meade,  “Pericercar- 
ial  Envelope  Formation  in  Postho- 
diplostomum  minimum  (Trema- 
toda;  Diplostomidae)”;  53 
law  of  nature;  189,  191,  192 
Lebesgue  integral;  207,  208,  209 
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Leguminosae;  247,  251,  253,  319 
Lepidopa 

websteri;  43,  44,  45,  45f,  46,  47, 
47f,  48f,49,50 
Lepomis;  53, 54,  55f,  57,  231 
Liner,  R.  T.,  W.  L.  Manger,  D.  L. 
Zachry,  “Conodont  Evidence  for 
the  Mississippian-Pennsylvanian 
Boundary  Northeastern  Llano 
Region,  Central  Texas”;  309 
Lipschitz  Condition;  109-114,  207 
Liquidambar 

styraciflua;  143,  144,  146,  146t 
Listeria;  325,  326,  329,  329t,  330 
monocytogenes;  325,  326,  329, 
329t 

lobster;  135 , 136, 138 
Lonard,  R.  L,  -R.  G.  Ross,  “A  Vege- 
tational  Analysis  of  a  Tropical  Cloud 
Forest  in  Southern  Tamaulipas, 
Mexico”;  143 

Lotka-Volterra  equations;  75 

M 

magma;  5,  13,  19,  22 
nepheline  basanite;  21 
Magnolia 

schiedeana;  144,  146t 
maleic  anhydride;  296 
Manger,  W.  L.,  see  Liner,  R.  T. 

Manta 

biros tris;  258,  262 

marine  mollusks;  274,  275,  276,  211 , 
278, 279 
marl;  27,  35 
lignitic;  3  If 
marshlands 

preserving  and  creating;  162,  163 
Mather,  C.M.,  “Incidence  of  Mites  on 
Sceloporus  variabilis  and  Sceloporus 
undulatus  (Sauria:  Iguanidae)  in 
South  Texas”;  103 

McCune,  E.  D.,  J.  E.  Adams,  “The 
Practioner’s  Approach  to  Obtain¬ 
ing  Generalized  Cornish-Fisher 
Expansions”;  303 

McDonald,  J.  N.,  “Waterfowl  Collisions 
with  Utility  Wires:  Two  Observa¬ 
tions  on  the  Southern  Plains”;  369 
McKown  Formation;  7f,  8 
Meade,  T.  G.,  see  Latimer,  D.  C. 
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Meliosma 

oaxacana;  146,  146t,  148t 
Melothria 

pendula;  148,  148t 
metacercariae;  53,  54 
methyl 

2-bromocy  clohexenecarboxylate ; 

296, 297f 
-cobalamin;  343 

cyclohexanone-2-carboxylate;  296 
Mexia  Zone;  6 
mica;  29,  30 
microcelite;  60 
micro-fauna;  27 
microphenocrysts;  13,  14t 
Micropogon 

undulatus;  258 
Microp terns ;  231,231 

dolomieui;  231,  232,  233,  233f, 
234,  234t,  235t,  236,  236t, 
237 

punctulatus;  231 

treculi;  231-238, 233f,  234t,  235 1, 
236t 

microsomal  pellet;  60,  61t 
protein;  61,  63 
Middle  Chesterian  Series;  309 
Mills,  R.  C.,  “Aromatase  Enzyme  Ac¬ 
tivity  from  Placentae  and  Testes  of 
Several  Mammals”;  59 
Mills,  R.  C.,  R.  F.  Benningfield,  “Sexual 
Differences  in  Aromatase  Activity 
of  Rat  Liver  Microsomes”;  151 
mites;  103 
chigger;  103 
mobulid  ray;  255 
mole 

crab;  43,  44,  45,  45f,  46,  47, 47f, 
48f,49,50f,51 
phototaxic;  43,  49,  5 1 
crickets;  128,  130 
monohypobromite;  296 
Morrowan  Series;  309 
Mugil 

cephalus;  258 
mycoplasma;  68 
myliobatid  ray;  255 

N 

N-methly cytisine;  321 
NADPH;60,63 
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Matrix 

rhombifera 

rhombifera;  15  9t 
sipedon 

pleuralis;  15  9t 

Neas,  E.  D.,  J.  C.  Perez,  “Growth  of 
BHK-21  Cells  in  a  Mass  Culture 
System”;  65 
Negaprion 

brevirostris;  260 
Neognathodus 

symmetricus;  313f,  314 
Zone;  309 

nepheline;5, 9,  lOt,  14 

basanite;  5,  7f,  10,  16,  18,  21,  22 
nephelinite 

oUving-melilite;  21 
nephridia;  39 
niches;  76 

ninhydrin-reacting.  compounds;  247 
nitrophenol;  294 
2-;  293;293t,  294 
nontronite;  19 

o 

ocelli;  14 

A^’^%ctalin;197 
Odonata;  85 
odontaspid;  255 
Odotaspis 
taurus\  260 

olivine;  5,  9,  10,  lOt,  12,  13,  18,  19, 
21 

basalts;  21 

nephelinite;  5,  10,  21 
Olson,  G.  B.,  see  Paquet,  A. 
oncolites;  34,  31  If 
oolite;  31  If 
Orconectes 
limosus;  136 
Ordovician;  310,  311 
ortho  effect;  99,  100 
Orthoptera;  125,  128 
orthopyroxene;  21 
oxime;  296 

1 1  -oxotricyclo-(4.4. 1 .0)-undecane ; 

296, 297f 
Ouachita 

Fold  Belt;6f 
Orogenic  Belt;  22 
Oyen,  0.0. ,  see  Rice,  R.  W. 


Ozan  Formation;  27 

P 

Paltothemis 

lineatipes;  92 f 
Papio 

anubis;  268 
cynocephalus 
anubis;  267 

Paquet,  A.,  D.  M.  Stier,  G.  B.  Olson, 
“Isolation  by  Black  Electrophoresis 
ofimmunoregulatory  Alpha  Glob¬ 
ulin  (IRA)  Activity  in  Guinea  Pig 
Serum  Following  Listeria  Infec¬ 
tion”;  325 
parapodia;  39,  40 
parapodium;  40f 
parasites 

larval  trematode;  5  3 
parasitism;  75,  80 

Parker,  F.  R.,  Jr.,  C.  M.  Bailey,  “Mas¬ 
sive  Aggregations  of  Elasmobranchs 
near  Mustang  and  Padre  Islands, 
Texas”;  255 
Pecan  Gap 

arenites;  29,  32,  33 
Formation;  25,  27,  28,  34,  35 
pelecypod;  19 
penicillin;  328 
Perez,  J.  C.,  see  Neas,  E.  D. 
perfusion;  65 

pericercarial  envelope;  53,  54,  55 f, 
56f,57 

Peristerophila;  225,  228,  229 
columba;  225 

longisoma;  225,  226f,  227f,  228t, 
229 

zenaidoura;  225 
peristomium;  39,  40 
PHA;  325,  326,  327t,  328,  329,  329t 
pharynx;  39 

2-phenacylpyridme;  294,  295 
phenocrystic  olivine; 5,  13,  18 
phenocrysts;  13,  14t,  19 
phenol;  293 
phlogiston;  190 
Pholoe;  39 
phonolite;  16 
phonolitic  glass;  5 
phosphate  pebbles;  30,  30f,  35 
phosphatic;  31  If 
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phosphorite  pebbles;  25 
Phragmatopoma 
lapidosa;  370 

phieatomagmatic  explosions;  19 
Phyllodocidae;  39 
phylloid  algae;  31  If,  312 
Physa 

halei ;  5  4 
Phytolacca 

rivinoides;  148,  148t 
phytoplankton  flora;  239,  240,  24 It, 
242,  243,  244f 

Pilot  Knob; 5,  6f, 7f, 8, 9,  9f,  lit,  13, 
16,17f,  18,  19,  20t,  21,22 
pipecolic  acid;  247,  248,  249,  249t, 
250,  251,253 
Pisionacea;  39 
Pisiondens 

indica;  39,  40,  40f,  41 
Pisione 

remota  \  39,  40 
Pisionella 
indica;  41 
Pisionidae;  39 
Pisionids;  39 
Pituophis 

melanoleucus 
sayi;  15  9t 
placentae;  59 

bovine;  59,  60,  62f,  63,  63t 
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THE  EFFECT  OF  VIRAZOLE  (1-B-RIBOFURANOSYL-l, 2, 4- 
TRIAZOLE-3-CARBOXAMIDE)  ON  ROUS  SARCOMA  VIRUSES 


by  FRANK  J .  JENKINS  and  YOUNG  C .  CHEN 

Department  of  Biological  Sciences  and  Genetics  Center 
North  Texas  State  Univeristy 
Denton  76203 

and  LOIS  B.  ALLEN 

Department  of  Microbiology  and  Immunology 
Texas  College  of  Osteopathic  Medicine 
Fort  Worth  76107 

ABSTRACT 

Viiazole,  a  synthetic  nucleoside,  was  found  to  inhibit  the  replication  of  Rous  sarcoma 
viruses  (RSV)  and  subsequent  cell  transformation  in  chick  embryo  fibroblasts  (CEF).  It  also 
blocked  the  transformation  of  normal  rat  kidney  (NRK)  cells  infected  with  temperature- 
sensitive  mutants  of  RSV.  In  addition,  the  action  of  virazole  was  found  to  be  reversible  as 
removal  of  the  drug  from  the  NRK  cells  reversed  the  effects  on  cell  transformation.  Virazole 
appears  to  have  a  static  effect  on  cell  growth  of  both  NRK  and  CEF  cells. 

INTRODUCTION 

Virazole,  a  triazole  nucleoside,  has  been  reported  to  have  broad  spectrum  anti¬ 
viral  activity  against  DNA  and  RNA  viruses,  both  in  vitro  and  in  vivo.  Huffman, 
et  al,  (1973),  reported  an  inhibitory  effect  by  Virazole  (also  called  Ribavirin) 
in  vitro  against  the  following  viruses:  adeno  Type  3,  herpes  Types  1  and  2, 
myxoma,cytomegalo,  vaccinia,  parainfluenza  Types  1  and  3,  subacute  schlerosing 
panencephalitis,  Newcastle  disease  and  measles.  Inhibition  in  vivo  has  been  re¬ 
ported  by  Sidwell,  et  al,  (1975)  against  Friend  leukemia  virus  in  mice,  and  by 
Potter,  et  al ,  (1976)  against  influenza  virus  in  ferrets. 

A  search  of  the  literature  reveals  no  reports,  on  the  effect  of  Virazole  against 
cell  transformation.  Therefore,  this  paper  deals  with  the  effect  of  Virazole  on 
cellular  transformation  of  normal  rat  kidney  cells  (NRK)  and  chick  embryo 
fibroblasts  (CEF)  infected  with  different  wild  type  or  temperature-sensitive 
mutants  of  the  Rous  sarcoma  virus. 
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MATERIALS  AND  METHODS 

Cell-Lines.  The  cell  lines  used  were  primary  chick  embryo  fibroblasts  (CEF), 
normal  rat  kidney  cells  (NRK)  and  NRK  cells  infected  with  either  a  temperature- 
sensitive  (ts)  mutant  LA31,  (Wyke,  1973)  or  a  wild  type  Rous  sarcoma  virus. 
The  sources  of  NRK,  LA31-NRK  and  B77-NRK  are  described  elsewhere  (Chen, 
et  al ,  1977).  The  CEF  cells  were  prepared  directly  from  fertilized  eggs  (c/o  pheno¬ 
type),  obtained  from  SPAFAS  INC.,  Norwich,  CT.  All  cells  were  grown  in  F-10 
(Ham’s)  medium  with  Hanks’  salts  (Grand  Island  Biological  Co.,  Berkeley,  CA), 
supplemented  with  5%  cadet  calf  serum,  10%tryptose  phosphate  broth,  penicillin 
(100  units/ml)  and  streptomycin  (100  jUg/ml).  The  cells  were  grown  in  humidified 
5%  CO2  incubators. 

Virazole.  ( 1-B-D-Ribofuranosyl-l  ,2,4-Triazole-3-Carboxamide)  was  ob¬ 
tained  from  ICN  laboratories,  Irvine,  CA,  by  Dr.  Lois  B.  Allen.  Dilutions  were 
prepared  directly  in  the  culture  medium  described  above. 

The  transformation  studies  using  the  LA31-NRK  and  B77-NRK  cell  lines  were 
performed  by  seeding  1 .2  X  10^  cells  into  60  mm  tissue  culture  plates.  The  cells 
were  grown  to  confluency  and  then  treated  with  different  concentrations  of 
Virazole.  In  one  experiment  the  plates  were  grown  at  the  permissive  temperature 
(33  C)  and  kept  there  throughout  the  entire  experiment.  In  another  experiment 
the  plates  were  grown  to  confluency  at  the  nonpermissive  temperature  (39  C) 
and  then  after  introduction  of  Virazole,  were  placed  at  the  permissive  temperature 
(33  C).  In  both  experiments  the  cells  were  observed  daily  for  1  wk.  Each  day  the 
degree  of  transformation  was  noted.  Transformation  was  graded  according  to 
the  relative  %  of  transformed  cells  present.  Grading  was  on  a  scale  of  0-10,  with 
“0”  being  “no  transformed  cells  present”  and  “10”  being  all  cells  transformed. 

The  effect  of  Virazole  on  cell  growth  of  NRK,  B77-NRK  and  CEF  cells  was 
performed  by  seeding  2X10^  cells  into  35  mm  tissue  culture  plates  containing 
culture  medium  and  the  different  concentrations  ofVirazole.  Each  day  for  7  days, 
cells  from  3  plates  were  collected  and  counted  onaHycell  automatic  cell  counter. 

The  effect  ofVirazole  on  CEF  transformation  and  RSV  replication  was  checked 
by  seeding  1 .2  X  10^  cells  into  60  mm  plates.  The  plates  were  then  seeded  with 
either  different  wild  type  or  ts  mutants  of  RSV.  On  the  10th  day,  the  medium 
was  harvested  and  the  degree  of  cell  transformation  noted.  A  focus  assay  was  then 
performed  on  the  viral  harvests  to  determine  the  effect  on  viral  production. 

RESULTS  AND  DISCUSSION 

Virazole,  at  concentrations  of  10,50,75,  and  100  jitg/ml  completely  blocked 
cellular  transformation  of  CEF  cells  by  a  ts-mutant  RSV  and  3  different  wild 
type  viruses  (PR-A,  B-77,  SR-D).  A  focus  assay  of  the  culture  medium  showed 
a  95%  or  greater  reduction  of  RSV  replication  by  all  Virazole  concentrations 
when  compared  to  control  cells. 
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LAS  1 -infected  NRK  cells  grown  at  the  nonpermissive  temperature  and  then 
shifted  to  the  permissive  temperature  showed  a  95%  inhibition  of  retransformation 
using  100  jug/ml  of  Virazole,  Simply  growing  these  cells  at  the  permissive  tem¬ 
perature  and  treating  them  with  100  /rg/ml  of  Virazole  caused  a  70%  reversion 
from  transformed  phenotype  to  normal  phenotype.  Removal  of  drug  from  these 
cells  resulted  in  a  reversal  of  the  effects.  That  is  to  say  the  cells  reverted  back  to 
the  transformed  phenotype.  These  effects  were  not  seen  however  on  wild  type 
B77-infected  NRK  cells. 

Virazole  appeared  to  have  a  static  effect  on  cell  growth.  The  cell  numbers  of 
treated  cells  remained  fairly  constant  in  comparison  to  the  increased  cell  growth 
of  control  cells. 

We  believe  the  data  presented  here  clearly  show  an  effect  on  cellular  trans¬ 
formation  in  vitro  by  Virazole.  Concentrations  of  100  jUg/ml  showed  the  greatest 
effect  on  transformation  with  the  least  amount  of  cytotoxicity.  Besides  inter¬ 
fering  with  cellular  transformation,  Virazole  also  completely  blocked  RSV  rep¬ 
lication  in  CEF  cells.  The  effect  on  transformation  was  found  to  be  reversible. 

The  mode  of  action  does  not  appear  to  be  completely  viral  specific  however. 
The  effect  on  cell  growth  showed  astatic  effect  which  would  indicate  some  inter¬ 
ference  with  cellular  metabolism.  Previous  papers  have  described  Virazole’s 
mechanism  of  action  as  being  at  the  purine  guanine  biosynthesis  level.  (Streeter, 
et  al.,  1973,  Lowe,  etai,  1977).  It  was  found  to  be  an  inhibitor  of  IMP  dehydro¬ 
genase.  It  could  be  postulated  that  Virazole’s  effect  on  transformation  could 
be  due  to  an  interruption  of  the  synthesis  of  the  transforming  protein,  which  is 
believed  to  cause  the  morphological  cell  transformation  (Vogt  and  Hu,  1977). 
Current  studies  are  under  way  in  order  to  determine  more  precisely  Virazole’s 
site  of  action  in  cellular  transformation. 
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COMMENTS 

Walker:  Is  the  mechanism  of  action  of  Virazole  known? 

Jenkins:  When  Virazole  enters  the  cell  it  is  phosphorylated.  It  has  been  shown  in  other 

systems  that  the  monophosphate  form  of  Virazole  is  a  competitive  inhibitor 
of  Inosine  monophosphate  (IMP)  dehydrogenase.  This  inhibition  results  in 
interference  of  the  biosynthesis  of  guanine  nucleotides.  The  triphosphate 
form  of  Virazole  has  also  been  shown  to  be  a  specific  inhibitor  of  a  viral  poly¬ 
merase  of  both  influenza  and  herpes  viruses. 

Walker:  Does  Virazole  have  antibacterial  activity? 
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Jenkins: 

To  the  best  of  my  knowledge,  there  have  been  no  reports  on  Virazole  as  an 
antibacterial  agent. 

Bollon: 

Is  the  effect  of  Virazole  on  SV40  transformed  cells  similar  to  the  effect  of 
dibutyryl  cyclic  AMP  with  regard  to,  for  example,  changes  in  cell  morphology? 

Chen: 

Virazole ’s  effect  on  cell  morphology  is  similar  to  the  effect  of  cyclic  AMP. 

Molineux: 

Have  you  examined  the  effects  of  Virazole  on  any  other  properties  of  trans¬ 
formed  cells,  such  as  the  decreased  levels  of  serum  required  for  maintenance 
of  transformed  ceOs?  Does  Virazoel  affect  this? 

Jenkins: 

We  have  no  studied  Virazole’s  effects  on  any  transformation  parameters  other 
than  cell  morphology  and  saturation  density. 

Kelln: 

Since  the  mechanism  of  action  of  Virazole  involves  perturbation  of  purine 
nucleotide  biosynthesis,  specifically  at  the  level  of  GMP,  are  the  effects  of 
Virazole  reversible  by  addition  of  guanosine  or  other  purines? 

Jenkins: 

Previous  papers  that  have  dealt  with  the  mechanism  of  action  of  Virazole, 
have  shown  that  the  addition  of  guanosine,  xanthosine  or  inosine  will  alter 
the  effect  of  Virazole. 

Kelln: 

Is  the  effect  of  Virazole  directly  onde  novo  purine  biosynthesis,  or  may  it  act  ‘ 
indirectly  at,  for  example,  the  level  of  transcription? 

Jenkins: 

Virazole  acts  directly  on  de  novo  purine  biosynthesis.  However,  it  also  may  act  i 
on  transcription  since  the  triphosphate  form  has  been  found  to  be  a  specific 
inhibitor  of  a  viral  polymerase. 

Molineux: 

Are  there  demonstrable  effects  of  Virazole  on  RNA  or  DNA  synthesis? 

Jenkins: 

Virazole’s  method  of  action  has  been  shown  to  affect  both  host  cell  and  viral 
directed  RNA  and  DNA  synthesis.  However,  we  believe  this  affect  is  indirect. 

Walker: 

Can  the  “static”  effect  of  Virazole  on  cell  growth  be  differentiated  from  its  , 
effect  in  blocking  transformation?  ' 

Jenkins: 

I  do  not  believe  so.  By  blocking  GMP  synthesis,  both  host  cell  metabolism  and  i 
viral  protein  production  is  affected.  The  static  effect  on  cell  growth  is  the  result 
of  the  interruption  of  guanosine  monophosphate  synthesis  in  cell  metabolism. 

I 
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DEVELOPMENTAL  CHANGES  IN  PURINE  NUCLEOTIDE  POOLS 
OF  DICTYOSTELIUM  DISCOIDEUM 

by  JAMES  R.  WILD,  RICHARD  DAVID, 

LEONARD  SCHRONK,  and  ALAN  R.  HANKS 


Genetics  Section,  Department  of  Plant  Sciences  and 
Department  of  Biochemistry  and  Biophysics 
Texas  A&M  University,  College  Station  77843 

ABSTRACT 


Drug-induced  perturbations  in  nucleotide  metabolism  alter  the  developmental  scheme  of 
Dictyostelium  discoideum  (Wild,  1977).  This  study  evaluates  the  intracellular  pools  of  purine^ 
ribonucleotides  during  morphogenic  differentiation  of  the  cellular  sUme  mold.  Nucleotide 
pools  were  monitored  by  high  performance  liquid  chromatography  during  normal  develop¬ 
mental  programs,  and  stage-specific  changes  in  pool  profiles  were  observed.  Nucleotide  pool 
levels  were  maintained  until  aggregation  occurred  and  then  they  decreased  steadily  during 
cellular  differentiation.  ATP  and  GTP  pools  increased  dramatically  during  early  stages  of; 
development.  In  particular,  the  adenylate  energy  charge  of  the  cell  rose  during  pre-aggregation, 
even  though  development  is  initiated  by  the  sudden  starvation  of  mitotically  growing  amoeba. 
Several  unique,  stage-specific  molecules  have  been  observed,  but  they  are  unidentified  at 
this  point  (these  “mystical  spots”  appear  to  be  polyphosphorylated  but  they  await  analytical 
characterization).  During  the  early  stages  of  development,  prior  to  morphogenic  changes, 
de  novo  biosynthesis  of  pyrimidines  halted  abruptly  while  purine  biosynthesis  was  main¬ 
tained.  Thus,  alterations  of  nucleotide  metabolism  are  associated  with  the  early  develop¬ 
ment  of  A  discoideum. 

INTRODUCTION 

The  cellular  slime  mold,  Dictyostelium  discoideum,  participates  in  multicel¬ 
lular  aggregation  and  subsequent  morphogenic  differentiation  following  nutrient 
starvation  on  a  semisolid  or  solid  substratum.  Thousands  of  chemotactically 
sensitive  amoeba  follow  pulsating  cyclic  3’-5’  adenosine  monophosphate  (cAMP) 
signals  to  an  amoeboid  focal  center.  These  pulsating  signals  appear  to  affect  the 
many  stage -specific  intracellular  reorientations  of  metabolic  processes  as  well  as 
promote  specific  intercellular  contacts  (Gerisch  and  Wick,  1975,  Gerisch,  <?7  a/. , 
1975).  Extensive  metabolic  changes  occur  within  the  cellular  aggregate  as  protein 
degradation/amino  acid  oxidation  provide  for  the  energy  requirements  involved 
in  the  synthesis  of  new  messenger  RNA  and  the  reorientation  of  carbohydrate 
metabolism  (for  review,  see  Loomis,  1975;  Wright  and  Killick,  1977).  Although 
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such  changes  have  been  extensively  characterized  and  documented,  little  is  known 
about  the  actual  levels  of  energy  and  the  maintenance  of  pools  of  high  energy 
molecules  during  the  developmental  process.  Lee  (1972)  reported  that  amoeba 
released  large  amounts  of  amino  acids  and  nucleotides  into  the  medium  during 
the  pre -aggregation  stages  and  it  appears  that  the  endogenous  utilization  of 
macromolecules  is  related  to  the  rates  of  differentiation  (Sussman  and  Sussman, 
1969).  It  was  reported  that  D.  discoideum  does  not  have  an  effective  mechanism 
for  the  retention  of  nucleotide  and  amino  acid  metabolites  during  starvation  in 
suspension  cultures  (Lee,  1972).  It  is  of  interest  to  determine  whether  or  not  dif¬ 
ferentiating  amoeba  are  able  to  maintain  intracellular  pools  of  nucleotides  when 
placed  on  a  solid  or  semisolid  substratum  permitting  the  cell -cell  contact  necessary 
for  aggregation  and  differentiation. 

MATERIALS  AND  METHODS 

Dictyostelium  discoideum,  strain  AX2,  was  grown  in  an  axenic  nutritive  medium 
(Watts  and  Ashworth,  1970).  D.  discoideum  was  inoculated  as  heat  shocked, 
germinating  spores  into  shaking  cultures  at  22  C.  Development  was  initiated  by 
removing  actively  growing  amoeba  from  the  axenic  medium  (less  than  5  x  10^ 
cells/ml)  by  centrifugation  followed  by  resuspension  in  a  non -nutritive  salts 
solution  (1.5  g  KCl  and  0.5  g  MgCl2 /liter  distilled  water)  at  a  concentration  of 
10^  cells/ml.  The  cells  were  then  spread  upon  millipore  filter  differentiation 
plates  (Sussman,  1966). 

Cells  were  collected  from  various  stages  of  development  by  washing  from  a 
differentiation  plate  with  the  salts  solution,  centrifuged  at  60  x  g  for  2  min, 
washed  with  3-5  ml  of  pad  buffer  and  recentrifuged  at  60  x  g  for  2  min,  after 
which  nucleotides  were  extracted  with  cold  0.5  N  perchloric  acid  (1  ml  PC  A/5  x  10^ 
cells).  The  extract  was  centrifuged  (3000  x  g  for  10  min)  to  remove  the  cellular 
debris  and  the  acidic  supernatant  was  then  neutralized  with  tri-n-octyl  amine/freon 
and  centrifuged  (3000  x  g  for  10  min)  to  separate  extraction  phases  (Chen,  etal, 
1977).  The  nucleotide  pool  extract  was  passed  through  a  0.45  nm  millipore  filter 
and  analyzed  by  high  performance  liquid  chromatography  (Rose  and  Brockman, 
1977).  A  Waters  Associate  ALC  202  high  pressure  liquid  chromatograph  equipped 
with  a  Model  U6K  septumless  injector,  2  Model  6000  solvent  delivery  pumps,  a 
Model  660  solvent  programmer,  and  a  Partisil  10  SAX  column  was  used  to  sep¬ 
arate  the  nucleotides.  Resolution  of  the  nucleotides  was  achieved  using  a  linear 
solvent  gradient  (curve  6,  40  min)  from  5.0  mM  (pH  2.8)  to  750  mM  (pH  3.7) 
ammonium  dihydrogen  phosphate  at  a  flow  rate  of  2  ml/min.  A  Model  440 
(Waters  Associates)  absorbance  monitor  was  used  to  detect  the  eluting  nucleotides. 
Absorbance  was  measured  at  254  nm  and  recorded  on  chart  paper.  Fifteen  jil  of 
various  standard  solutions  including  adenosine,  guanosine,  cytidine  and  uridine 
monophosphates,  diphosphates,  and  triphosphates  were  analyzed  in  order  to 
determine  standard  retention  times  for  identification  purposes. 
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RESULTS  AND  DISCUSSION 

Amoeba  of  Dictyostelium  discoideum  maintain  measurable  levels  of  nucleotide 
pools,  however,  several  unexpected  observations  should  be  noted :  1 )  the  levels  of 
nucleotide  triphosphates  are  much  lower  than  the  diphosphate  or  monophosphate 
ribosides,  2)  the  calculated  adenylate  energy  charge  values  (ATP)  +  1/2  (ADP)/(ATP) 
+  (ADP)  +  (AMP)  (Atkinson,  1968)  are  approximately  0.22,  3)  the  levels  of 
purine  nucleotides  are  higher  than  the  levels  of  the  pyrimidine  nucleotides, 4)  the 
absolute  levels  of  ATP  and  GTP  are  comparable  to  the  intracellular  levels  reported 
for  other  eukaryotic  cells,  and  finally,  5)  the  adenine  nucleotides  are  present  at 
3-5  fold  higher  concentrations  that  the  corresponding  guanine  molecules  (Table  1). 


TABLE  1 

Purine  Nucleotide  Pools  in  Amoeba  of  D.  discoideum 


jUM  Concentration^ 

5’- AMP 

75.6 

5’- ADP 

24.2 

5’- ATP 

12.5 

5’-GMP 

13.7 

5’ -GDP 

8.8 

5’ -GTP 

5.5 

NAD 

27.3 

Unknown 

9 

^Concentration  is  measured  as  the  jUM  composition  of  extracts  containing  5  x  10^  cells/ml. 


Most  of  these  observations  are  comparable  with  nucleotide  pools  from  mammalian 
cells  (Rose  and  Brockman,  1977;  Plunkett  and  Cohen,  1975)  bacteria  and  yeast 
(Chapman  and  Atkinson,  1977)  except  for  the  levels  of  calculated  adenylate 
energy  charge.  The  amoeba  of  D.  discoideum  maintained  elevated  levels  of  ribo¬ 
side  diphosphates  and  monophosphates,  which  produced  an  energy  charge  of  ap¬ 
proximately  0.22  in  the  actively  growing  amoeba.  Often  it  is  difficult  to  separate 
AMP  from  the  pyrimidine  NAD  with  certain  Partisil  10-SAX  columns,  however, 
adequate  separation  was  achieved  with  the  column  used  in  these  studies  (Fig.  1). 
It  is  possible  that  ATP  was  degraded  during  pool  extraction,  but  the  eUmination 
of  the  cell  wash  described  in  Materials  and  Methods  did  not  change  the  pools. 
The  amoeba  could  be  collected  by  centrifugation  at  12,000  x  g  for  30  sec  and 
immediately  extracted  into  perchloric  acid  without  significant  differences  in 
pool  analysis.  Minimal  time  was  utilized  in  removing  cells  from  differentiation 
plates  and  acid  extraction.  Cyclic  AMP  was  not  efficiently  retained  by  the  anion 
exchange  resin  under  the  conditions  used  and,  thus,  elutes  with  the  frontal  peak. 
Therefore,  cAMP  did  not  contribute  to  the  apparently  high  AMP  levels  in  the 
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Figure  1.  High  performance  liquid  chromatographic  analysis  of  perchloric  acid  soluble 

extract  from  5x10^  amoeba  of  D.  discoideum  grown  in  axenic  medium  as  j 

described  in  the  text.  A  100  jUl  sample  of  extract  was  separated  on  a  Whatman  j 

Partisil-10  SAX  column  using  a  linear  ammonium  dihydrogen  phosphate  grad¬ 
ient  described  in  Material  and  Methods.  The  sensitivity  of  the  UV  detector  was  : 
attenuated  so  that  A254  =  0.10  to  0.01  as  indicated  immediately  above  the 
time  abscissa  (eg.  the  AMP  peak  represents  a  full-scale  deflection  of  A254  = 
0.05,  while  the  ATP  peak  is  detected  at  a  5 -fold  more  sensitive  attenuation, 
A254  ~  0.01).  I 
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amoeba.  This  analysis  of  actively  growing  amoeba  has  been  performed  repeatedly 
under  a  variety  of  extraction  procedures  and  this  hapless  value  for  adenylate 
energy  charge  was  consistently  confirmed. 

When  the  amoeba  of  D.  discoideum  were  subjected  to  starvation  under  con¬ 
ditions  which  allow  cellular  aggregation  and  differentiation  on  millipore  filters, 
the  distribution  of  adenine  nucleotides  changed  (Table  2).  The  total  adenine 
nucleotide  pools  remained  rather  constant  until  cellular  aggregation  occurred  12 
hr  after  mitotic  cellular  division  ceased;  but  once  aggregation  was  accomplished, 
the  total  intracellular  nucleotide  pools  decreased  dramatically.  During  the  pre¬ 
aggregation  period,  ATP  pools  increased  at  the  expense  of  AMP,  and  ADP  pools 
doubled.  The  actual  levels  of  ATP  increased  5 -fold  from  the  ameboid  to  the  early 
aggregation  stage.  Once  morphogenic  differentiation  began,  ATP  pool  levels 
dropped  until  development  was  completed.  During  this  time,  the  adenylate  energy 
charge  values  increased  dramatically  (0.220-0.628).  Following  aggregation,  the 
adenylate  energy  charge  values  fell  to  0.391  in  the  intact  fruiting  body  and  below 
0.150  in  isolated,  dormant  spores.  If  the  spores  were  isolated  and  analyzed  for 
nucleotide  pools,  no  detectable  ATP  was  observed  by  HPLC. 

TABLE  2 


Relative  Adenine  Nucleotide  Levels  During  Development  of  D.  Discoideum 


Amoeba^ 

6h 

Starved 

jLdVl  Concentration^ 

12h 

Aggregate  Slug 

Fruiting 

Body 

Spore 

ATP 

13.9 

43.9 

62.6 

20.3 

17.3 

_ 

ADP 

24.8 

46.2 

54.8 

21.1 

12.2 

6.9 

AMP 

87.3 

38.0 

25,8 

20.8 

16.2 

17.8 

Total  Adenine 

Nucleotides 

125.8 

128.1 

143.2 

72.2 

46.7 

23.7 

Adenylate 

Energy 

Charge 

0.207 

0.523 

0.628 

0.428 

0.391 

0.139 

^Concentration  is  measured  as  the  jjM  composition  of  extracts  containing  5  x  10^  cells/ml 

^Note  that  these  values  differ  slightly  from  the  purine  nucleotide  pool  levels  reported  in 
Table  1.  These  differences  indicate  the  variation  observed  in  nucleotide  pool  estimation. 


When  the  amoeba  were  subjected  to  starvation  under  conditions  which  did 
not  allow  cellular  aggregation  and  differentiation  (in  shaking  suspension  cultures), 
the  amoeba  did  not  maintain  their  intercellular  pools  of  nucleotides.  In  fact, 
perchloric  acid  extracts  of  starved  amoeba  did  not  contain  measurable  levels  of 
nucleotides  after  12  hr  of  incubation.  Thus,  it  appears  that  cell-cell  contact  is 
essential  for  the  maintenance  and  interconversion  of  nucleotides  in  Z).  discoideum 
amoeba  following  starvation. 
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Additional  changes  in  specific  molecules  were  observed  by  HPLC  analysis  of 
whole  cell  extracts  during  development.  Figure  2  presents  a  representative  chrom¬ 
atograph  of  the  extract  obtained  12  hr  after  starvation  and  the  initiation  of  the 


TIME 


Figure  2.  HPLC  analysis  of  perchloric  acid  soluble  extract  from  5  x  10^  cells  of  D.  dis- 
coideum  just  prior  to  cellular  aggregation  (12  hr  following  starvation  and 
deposition  on  MiUipore  differentiation  plates).  Separation  was  achieved  as 
described  for  Fig.  1. 


development  cycle  on  millipore  filters.  Inosine -5 ’-monophosphate  and  an  un¬ 
identified  UDP-sugar  increased  during  the  pre-aggregation  stages  until  the 
morphogenic  changes  begin,  at  which  time  they  gradually  disappeared.  In  the 
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extracts  from  intact  fruiting  bodies,  IMP  and  UDP-sugar  were  still  detectable,  but 
they  were  not  detectable  in  the  amoeba  after  spore  germination.  Furthermore, 
several  unidentified  molecules  were  observed  in  this  study.  A  major  peak  was 
observed  between  ADP  and  GDP  in  amoeboid  extracts.  The  relative  concentration 
of  this  molecule  decreased  during  the  time  course  of  pre-aggregation.  Additional 
unique  compounds  have  been  observed  at  specific  stages  of  development,  but 
these  compounds  have  not  been  identified,  although  they  are  assumed  to  be 
polyphosphorylated  because  of  their  retention  on  the  anion  exchange  resin. 

In  our  preliminary  studies  we  sought  to  discover  whether  changes  in  nucleo¬ 
tide  metabolism  were  associated  with  major  morphogenic  stages  of  development 
in  D.  discoideum.  We  have  discovered  that,  indeed,  nucleotide  pools  do  not  re¬ 
main  static  during  developmental  stages  but  experience  specific,  stage-determined 
changes.  These  stage -specific  changes  included  an  increase  in  ATP  concentration 
which  resulted  in  fluctuations  in  the  adenylate  ener©^  charge  (compare  Fig.  1 
and  2).  Clearly,  GTP  and  UTP  pools  were  elevated  prior  to  cellular  aggregation 
(unpublished  observation),  however,  these  increases  were  not  as  dramatic  as  the 
increase  in  the  ATP  pool.  In  contrast,  the  monophosphate  pools  decreased  fol¬ 
lowing  starvation.  Such  variations  were  observed  in  the  absolute  and  relative 
values  of  all  of  the  nucleotide  pools.  In  all  stages  of  development,  the  purine 
nucleotides  are  present  in  much  higher  concentration  than  the  pyrimidines. 
Nucleotide  pools  are  maintained  in  a  more  balanced  ratio  in  bacterial  systems. 
UIP,  CTP,  and  GTP  pools  represented  30-40%  of  the  ATP  pools  in  Salmonella 
typhimurium  (Schwartz  and  Neuhard,  1975).  Although  purine  concentrations 
are  greater  than  those  of  the  pyrimidines  in  mammalian  cells  (Rose  and  Brochman, 
1977;  Plunkett  and  Cohen,  1975),  the  triphosphates  are  maintained  at  higher 
levels  than  the  mono-  and  diphosphates.  A  typical  nucleotide  relationship  for 
ATP: ADP: AMP  is  14.2:1.0:0.2  in  human  erythrocytes  (Dean,  a/.,  1978).  This 
distribution  is  quite  different  in  D.  discoideum. 

Finally,  these  studies  reveal  stage -determined  variations  in  the  levels  of  aden¬ 
ylate  energy  charge  (for  review  of  energy  see  Chapman  and  Atkinson,  1977).  As 
reported  in  Table  1,  adenylate  energy  charge  is  0.220  in  the  actively  growing 
amoeba  and  that  level  rises  to  0.628  as  aggregation  begins.  As  development  con¬ 
tinues  the  energy  charge  levels  drop  and  stabilize  at  approximately  0.450.  Once 
dormancy  in  spores  have  been  developed,  the  energy  charge  falls  below  0.150. 
Although  Atkinson  (1968)  has  proposed  that  adenylate  charge  is  constantly 
maintained  at  a  rather  high  level  (0.90  -  0.95  usually),  several  recent  studies 
with  synchronous  cell  populations  have  demonstrated  dramatic  fluctuations 
that  correlate  with  physiological  changes  in  the  natural  cell  cycle  (Edwards,  et 
al,  1975).  These  oscillations  in  adenylate  energy  charge  have  been  reported  to 
be  quite  specific  and  cyclic  in  the  trypanosome  (0.45-0.65),  0.63-0.88  in 
acanthamoeba,  0.33-0.73  in  tetrahymena,  and  0.65-0.95  in  yeast.  Periodic  oscil¬ 
lations  appear  to  correlate  with  the  rate  of  cellular  respiration  with  a  specific 
number  of  repeating  fluctuations/cell  cycle  (Lloyd,  et  al,  1978). 
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This  paper  reports  development  changes  in  the  nucleotide  pools  of  D.  dis- 
coideum  during  pre-aggregation  stages  of  differentiation,  in  fact,  these  changes 
were  observed  prior  to  many  other  metabolic  reorientations  and  might  participate 
as  an  early  signal  for  biochemical  differentiation. 
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COMMENTS 

In  minicells,  the  levels  of  NAD  accumulated  are  second  only  in  magnitude  to 
ATP  levels.  Have  you  attempted  to  measure  levels  of  pools  of  pyridine  nucleo¬ 
tides  in  Dictyosteliumi 

Often  the  NAD^  nucleotides  are  inseparable  from  AMP  on  the  Partisil  columns. 
When  we  have  been  able  to  separate  them,  the  levels  are  moderate  and  do  not 
change  dramatically  during  development.  Levels  observed  in  the  mature  fruiting 
body  appear  to  be  approximately  1/3  the  levels  found  in  actively  growing 
amoeba.  That  is  very  stable  relative  to  purine  nucleotide  pool  fluctuations. 

Have  you  examined  the  effects  of  amino  acid  deprivation  on  differentiation  as 
well  as  starvation  for  purines  and  pyrimidines? 

No,  if  you  mean  partial  starvation  (eg.  providing  all  amino  acids  except  trypto¬ 
phan).  Development  does  not  progress  synchronously  to  maturation  unless 
starvation  is  quite  complete.  The  amoeba  will  not  grow  in  defined  medium 
(requiring  16  amino  acids)  if  essential  amino  acids  are  withheld.  Nevertheless, 
they  will  not  differentiate  under  those  conditions  either.  Since  Dictyostelium 
can  synthesize  purines  and  pyrimidines,  starvation  would  have  to  be  performed 
in  auxotrophic  mutants  and  we  have  not  done  these  studies  yet. 
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ABSTRACT 


Cells  from  a  variety  of  species  (monkey,  human,  and  rat)  have  been  transfected  with 
SV40  DNA  or  defined  SV40  DNA  fragments  derived  by  restriction  endonuclease  cleavage. 
Although  expression  of  virus  specific  antigens  and  altered  phenotypes  were  demonstrated 
in  many  of  the  DNA  recipient  cultures,  only  those  cultures  containing  the  complete  SV40 
genome,  either  contiguously  or  as  complementary  subgenomes,  were  tumorigenic  in  a  xenogenic 
(hamster)  host.  Primary  cultures  of  the  resultant  tumors  consisted  of  a  mixture  of  cells: 
the  tumor-inducing  cells  and  hamster  cells.  The  cultures  usually  produced  infectious  virus 
(even  if  the  cultures  inoculated  into  the  hamster  were  non-virus-producers).  Following  several 
in  vitro  subcultures,  permissive  cells  (in  which  the  virus  would  replicate),  were  essentially 
lost  from  the  culture.  In  some  cases,  however,  there  were  cells  in  the  population  which  had 
properties  of  both  the  hamster  and  tumor-inducing  cells.  These  data  will  be  discussed  in 
light  of  current  concepts  of  cellular  and  host  interactions  during  viral  oncogenesis. 

INTRODUCTION 


Our  primary  research  interest  in  the  last  few  years  has  focused  on  the  study  of 
biological  activity  of  defined  fragments  of  the  eukaryote  DNA  virus  simian  virus 
40  (SV40),  particularly  in  cells  in  which  the  virus  nomially  replicates  (Moyer  and 
Moyer,  1976;  Moyer,  et  al. ,  1977,  1978). 

SV40  is  a  small  DNA-containing,  non-enveloped  virus  that  grows  in  monkey 
cells,  the  permissive  host  (Fig.  1).  Since  SV40  has  the  ability  to  transform  cells 
from  a  variety  of  species  including  mouse,  rat,  hamster,  and  human,  it  is  considered 
a  DNA  tumor  virus.  However,  no  oncogenicity  has  been  shown  in  its  natural 
primate  hosts.  Various  aspects  of  SV40  tumor  and  molecular  biology  have  been 
reviewed  (cf.,  Butel,  et  al,  1971;  Fareed  and  Davoli,  1977;  Samb rook,  1972; 
Tooze,  1973). 

A  large  number  of  sites  on  the  circular  SV40  genome  are  cleaved  by  a  variety 
of  restriction  enzymes.  A  few  of  the  known  restriction  enzyme  sites  are  shown 
in  the  SV40  physical  or  cleavage  map  in  Fig.  2.  The  EcoRl  site  at  0  map  units 
or  12  o’clock  on  the  map  is  the  reference  point  and  all  other  sites  are  mapped 
relative  to  that  position. 
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SIMIAN  VIRUS  40 


FAMILY:  PAPOVAVIRIDAE 
GENUS:  POLYMAVIRUS 

DISCOVERED  BY  SWEET  AND  HILLEMAN  (1960) 

AUTOCHTHONOUS  HOST:  RHESUS  AND  OTHER  ASIATIC 

MACAQUES 

PERMISSIVE  CELLS:  AFRICAN  GREEN  MONKEY  KIDNEY; 

CV-1 ,  BSC-1 ,  VERO,  PRIMARY 

TRANSFORMABLE  CELLS:  HAMSTER,  MOUSE,  RAT,  GUINEA 

PIG,  RABBIT,  BOVINE,  AND  HUMAN 


VIRION  DIAMETER:  45NM 


VIRION  SEDIMENTATION  CONSTANT:  240S 


CHEMICAL  COMPOSITION :  88%  PROTEIN 

12%  DNA 
NO  LIPID 

NO  CARBOHYDRATE 


DNA:  MW  =  3.4  X  10^  5,226  BASE  PAIRS 


COMPONENT  I 


WITH  26 
TWISTS 


COMPONENT  I  I 


RELAXED  CIRCLE 
1  SINGLE  STRAND 
INTERRUPTION 


COMPONENT  I  I  I 
DNA  , 


LINEAR 
ONE  DOUBLE 
STRAND  SCISSION 


INFECTIOUS  INFECTIOUS 

Figure  1.  Characteristics  of  SV40. 


INFECTIOUS 


A  functional  map  of  SV40  is  shown  in  Fig.  3.  The  region  to  the  right  of  the 
replication  origin  and  proceeding  counterclockwise  to  about  the  BamW\  site  at 
0.17  map  units  is  the  early  region,  since  proteins  encoded  by  this  region  appear 
early  in  the  infectious  cycle  prior  to  DNA  synthesis.  In  SV40,2  major  proteins, 
designated  large  T  and  small  t,  are  coded  by  this  region.  Although  both  appear  to 
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Eco  Rl 


Figure  2.  A  restriction  enzyme  cleavage  map  of  SV40.  The  fragments  generated  by  co¬ 
cleavage  with  Hind  II  and  Hind  III  are  designated  A  -K,  A  being  the  largest, 
K,  the  smallest.  E’coRI  cleaves  at  0.0  map  units  and  Hpall  or  its  isoschizomer 
HapU  cleaves  at  0.74  map  units. 

be  involved  in  virus  replication  and  cell  transformation,  mutant  SV40  deleted  in 
the  t  region  is  defective  for  cellular  transformation  (Sleigh,  al,  1978). 

The  late  proteins  are  synthesized  after  DNA  replication.  They  are  principally 
virion  structural  proteins  which  are  coded  by  the  late  gene  region  extending  from 
the  replication  origin  at  0.67  map  units  to  \\\q  BamW\  site  (0.17  map  units)  in  a 
clockwise  direction.  The  mRNAs  for  the  early  and  late  genes  are  transcribed  from 
opposite  DNA  strands  and  transcription  is  therefore  asymmetric.  In  transformed 
nonpermissive  cells,  the  early  genes,  but  not  the  late  genes,  are  expressed. 

In  our  earlier  experiments  (Moyer  and  Moyer,  1976),  we  cleaved  the  SV40 
genome  into  2  fragments  by  co-cleavage  with  the  enzymes  TsVoRl  and //^yull. 
The  resultant  fragments  comprised  74%  and  26%  of  the  genome.  With  the  aid  of 
diethylaminoethyl  (DEAE)-dextran,  the  subgenomic  fragments  were  transfected 
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EcoRI 


into  the  African  green  monkey  kidney  cell  line,  TC7  (Fig.  4).  Although  both 
populations  of  recipient  cells  displayed  an  altered  phenotype  relative  to  parental 
TC7s  (Moyer,  et  ai,  1911 ,  1978;  Hurtado,  et  al,  1979),  only  cells  which  received 
the  74%  subgenome  expressed  the  early  gene  T  antigen,  which  is  detected  by 
indirect  immunofluorescence  using  anti-T  serum  as  the  primary  antibody. 

In  addition  to  TC7  cells  which  had  received  only  the  74%  or  26%  subgenome, 
some  TC7  cells  were  co-transfected  with  both  fragments.  At  high  concentrations 
of  DNA,  the  recipient  cells  did  not  die  and  a  number  of  cloned  and  uncloned  cell 
lines  were  initiated.  Most  of  these  contain  a  complete  genome  equivalent  of  SV40 
but  the  DNA  is  maintained  in  pieces. 

At  about  the  same  time  we  initiated  our  studies  in  the  permissive  monkey  cells, 
Abrahams  and  van  der  Eb  and  their  co-workers  (1975)  had  initiated  similar 
studies  in  a  nonpermissive  host  cell  system,  baby  rat  kidney,  or  BRK  cells.  These 
cells  were  primary  fibroblasts  with  a  finite  in  vitro  life  span.  Abrahams,  et  al, 
(1975)  used  the  enzymes  E’coRI  and  HapU  to  generate  74%  and  26%  subgenomes, 
and  BamHl  and  HapU  to  give  59%  and  41%  subgenomes.  Linear  molecules  resulted 
from  single  site  cleavage  with  ifcoRI  or  BamUl.  As  expected,  intact  SV40  DNA, 
linear  SV40  DNA,  and  early  gene  region  fragments,  e.g.,  the  EcoRl/Hapll  74% 
fragment  and  the  BamUl/Hapll  59%  fragment  transformed  the  cells  morphologi¬ 
cally  and  altered  their  growth  properties.  The  cells  also  expressed  typical  nuclear 
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26%Eco  Rl/Hap  II  74%  Eco  Rl/Hap  II 


I 


Figure  4.  Original  SV40  DNA  subgenome  transfection.  Form  I  SV40  DNA  was  co-cleaved 
with  restriction  endonucleases  E'coRl  and  HapW.  The  resultant  EcoRljHapW 
A  fragment  (74%  complete  genome)  and  B  fragment  (26%  of  complete  genome) 
were  separated  by  agarose  gel  electrophoresis.  The  purified  SV40  DNA  fragments 
were  transfected  into  TC7  cells  by  the  procedure  of  Boyd  and  Butel,  1972. 
Recipient  cells  which  received  the  A  fragment  were  called  TC7  (SV40/74)  and 
TC7  (SV40/26)  if  they  received  the  B  fragment. 


T  antigen.  Abrahams  and  van  der  Eb  (personal  communication)  did  not  observe 
typical  transformation  of  BRK  cells  receiving  SV40  late  gene  fragments  and  thus 
made  no  attempts  to  determine  if  the  late  gene  fragments  were  indeed  present 
in  their  cells. 

In  more  recent  studies,  we  have  obtained  similar  results  using  primary  African 
green  monkey  kidney  cells  which  have  a  finite  life  span.  We  wish  to  point  out 
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that  these  cells  were  not  transformed  by  the  late  gene  region,  but  unfortunately 
no  assessment  of  persistence  of  the  late  gene  region  could  be  made  because  the 
cells  exposed  to  the  SV40  late  genes  underwent  typical  senescence  and  died  after 
a  couple  of  passages. 

Since  in  our  studies  with  TC7  cells  we  were  using  an  established  cell  line  with 
indefinite  growth  potential,  we  were  uncertain  whether  or  not  the  TC7  cells 
transfected  with  the  DNA  fragments  were  transformed,  particularly  those  which 
received  the  late  gene  fragment.  However,  both  the  early  and  late  genes  can  be 
maintained  in  these  cells  (Moyer,  et  al,  1978). 

In  order  to  determine  if  the  phenotypic  changes  observed  in  the  viral  gene- 
recipient  cells  reflected  neoplastic  transformation  in  the  absolute  sense,  a  study 
of  the  tumorigenicity  of  the  monkey  cells  possessing  various  SV40  subgenomes 
was  done.  A  large  ntimber  of  animals,  primarily  neonate  and  immunosuppressed 
hamsters,  were  inoculated  with  the  DNA  fragment  recipient  TC7  cells  and  other 
SV40  DNA  fragment  or  virus  inoculated  cells. 

In  this  communication,  we  present  data  to  support  the  idea  that  cells  expressing 
early  SV40  genes  may  display  infinite  growth  transformation  (Ponten,  1971)  but 
are  not  necessarily  tumorigenic. 

MATERIALS  AND  METHODS 
Cells  and  Virus 

The  cell  lines  used  in  this  study  are  listed  in  Table  1.  In  addition,  primary 
human  embryonic  kidney  (HuEK)  and  primary  African  green  monkey  kidney 
(AGMK)  cells  were  transfected  with  SV40  linear  DNA  generated  by  BamWl, 
E’cdRI,  or  HapW  cleavage,  with  the  EcoKljHapW  A  (74%)  or  B  (26%)  fragments, 
the  BamHlIHapU  A  (59%)  or  B  (41%)  fragments.  In  the  original  TC7  transfection 
experiments,  SV40  ATCC  strain  PA57  was  used.  In  the  BRK  and  AGMK  trans¬ 
fections,  DNA  from  SV40  strain  776  was  used.  DNA  of  virus  strains  PA57  and 
776  yield  identical  electrophoretic  patterns  following  digestion  with  a  variety  of 
restriction  enzymes  (M.  P.  Moyer,  unpublished  observations). 

Assessment  of  Virus-Specific  Antigens 

SV40  T  and  V  antigens  were  detected  by  standard  indirect  immunofluorescence 
techniques  as  previously  described  (Moyer,  et  al ,  1978). 

Virus  Induction 

lododeoxyuridine  (30  pg/ml)  in  complete  medium  was  used  to  induce  virus 
from  TC7  (SV40/74  +  26)  cells  containing  complete  genome  equivalents. 

Cell  Fusion 

Fusion  of  permissive  TC7  cells  with  transformed  or  tumor  cells  was  a  means 
of  achieving  virus  “rescue”  (Moyer,  et  al ,  1978;  Watkins,  1974). 
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TABLE  1 

Cell  Lines  Used  for  Tumorigenesis 

Cell  Designation 

Clone  Number 

Description  Reference 

TC7 

African  green  monkey  cell  line;  a  derivative  Robb  and  Huebner 

ofCV-1  (1973) 

TC7  MI 

TC7  cells  mock-transfected  with  DEAL-  Arizpe,  Moyer  &  Moyer, 
dextran  alone  (No  DNA)  in  preparation 

TC7(SV40/74) 

TC7  cells  carrying  the  SV40  DNA  EcoRl/  Moyoi,  et  al. ,  1978 
HapU  A  fragment  (74%  of  total  genome) 

C-  la 

C-44 

C-63 

C-18 

C-47 

C-68 

C-84  , 

UcPS2b 

TC7(SV40/26) 

TC7  cells  carrying  the  SV40  DNA  EcoRl/  Moyer,  ef  a/.,  1978 

HapU  B  fragment  (26%  of  total  genome) 

C-  6a 

C-56 

C-52 

C-44 

C-  9 

C-35 

UcMISPb 

TC7(SV40/74+26) 

TC7  cells  co-transfected  with  both  the  SV40  Moyer,  et  ai,  1978 

DNA  EcoRl/Hapll  A  and  B  fragments;  Cells 

possess  a  complete  genome  equivalent  but 

virus  is  not  demonstrable  unless  induced  by 

thymidine  analogues  or  by  cell  fusion  with 

permissive  cells. 

UCb 

C-58a 

C-16  ^ 

Uc-530t' 

BRK(SV40/59) 

Baby  rat  kidney  (BRK)  cells  transfected  with  Abrahams,  ci  fif/.,  1975 

the  SV40  DNA  BamUl/HapU  A  fragment 
(59%  of  the  SV40  genome) 

BRK(SV40/74) 

BRK  cells  transfected  with  the  SV40  DNA  Abrahams,  et 1975 

EcoRl/Hapll  A  fragment  (74%  of  the  SV40 

genome) 

BRK(SV40/5^zwH1100) 

BRK  cells  transfected  with  SV40  DNA  cleaved  Abrahams,  ei  ,  1975 

at  the  BamUl  site. 

14B(l-4)/TC7 

Hcterokaryons  derived  by  cell  fusion  of  14B  Steinberg,  et  ai,  1978 

(1-4)  rat  cells  and  TC7  cells;  14B(l-4)  cells 
are  a  Hat  revertant  of  SV40  transformed 

a.  Clones  selected  in 
soft  agar. 

b.  Uncloned  cell  line. 

cell  line,  14B.  It  is  T  antigen  negative  and  M.  P.  Moyer,  et  al. 

nontumorigenic  in  hamsters.  (unpublised  result) 

26 


GULF  COAST  MOLEC.  BIOL.  CONF. 


Cells  were  fused  either  by  inactivated  Sendai  virus  or  polyethylene  glycol 
(PEG)  6000  (50  g  in  100  ml  calcium  and  magnesium  free  phosphate  buffered 
saline  (CMF-PBS);  (Moyer,  et  al. ,  1978).  Infectious  virus  production  was  monitored 
by  T  and  V  antigen  assay,  cytopathology,  and  ultimately  virus  neutralization 
(Moyer,  et  al,  1978). 

Characterization  of  Cells  Derived  from  Tumors  Induced  by  SV40  DNA-Trans- 
fected  Monkey  Cells 

Standard  techniques  for  karyology  and  immunologic  detection  of  species 
specific  antigens  were  used  to  characterize  the  cells  derived  from  tumors  induced 
by  SV40  DNA-transfected  monkey  cells.  These  procedures  will  be  elaborated 
on  elsewhere  (Moyer,  et  al ,  1979). 

Tumorigenesis  Studies 

Both  inbred  and  outbred  neonate  hamsters  (<48  hr  old)  were  each  inocu¬ 
lated  subcutaneously  in  a  dorsal  location,  usually  over  the  scapula  region,  with 
0.5 -1.0  X  10^  cells  in  0.1  ml  CMF-PBS.  Animals  were  observed  for  tumor  pro¬ 
duction  for  various  time  periods  up  to  18  months. 

Cell  Cultures  from  Induced  Tumors 

Primary  cell  cultures  were  initiated  from  the  induced  tumors  by  standard 
methods.  Cells  from  these  cultures  were  fused  to  permissive  TC7  cells  and  virus 
production  assessed  as  described  above. 

RESULTS  AND  DISCUSSION 

A  large  number  of  tumorigenicity  experiments  were  done  with  the  TC7  cells 
which  had  received  the  74%  and  26%  SV40  subgenomes.  The  results  of  some  of 
these  experiments  in  hamsters  are  shown  in  Table  2.  None  of  the  animals  which 
were  inoculated  with  TC7  cells  containing  only  the  74%  or  26%  subgenome  formed 
tumors.  Similar  results  were  observed  for  hamsters  immunosuppressed  by  anti¬ 
lymphocyte  serum  (Table  3). 

We  have  previously  reported  (Moyer  and  Moyer,  1976;  Moyer,  et  al,  1977) 
that  1  uncloned  TC7  cell  line  which  received  the  74%  subgenome  was  tumorigenic 
in  hamsters.  A  transplantable  fibrosarcoma  resulted  from  the  inoculation  of  these 
cells.  Since  over  100  other  animals  did  not  develop  tumors  with  cloned  and  un¬ 
cloned  74%  TC7  cells,  we  wanted  to  know  what  was  special  about  these  cells 
and  if  they  were  indeed  of  monkey  origin. 

When  a  series  of  characterization  studies  were  done  (Moyer,  et  al,  1979), 
the  tumor  cell  cultures  appeared  to  contain  both  monkey  and  hamster  cells. 
The  monkey  cells  were  preferentially  lost  upon  subculture,  but  some  clones 
derived  from  the  remaining  cells  appeared  to  express  both  monkey  and  hamster 
antigens. 
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TABLE  2 

Tumorigenicity  in  Neonate  Hamsters  of  Various  Cloned  and 
Undoned  TC7  Cells  Lines  Possessing  SV40  DNA  Fragments 


Cell  Lines 
Inoculated 

Exp. 

No. 

#  Animals  with  Tumors 
#  Inoculated  Animals 

Observation 
Period  (Months) 

TC7 

HA-021 

0/4 

10 

TC7(SV40/74) 

C-  1 

-043 

0/2 

7 

C-44 

-153 

0/3 

10 

C-63 

-002 

0/5 

7 

C-18 

-135 

0/5 

17 

C-47 

-008 

0/2 

7 

C-68 

-126 

0/3 

9 

-504 

0/3 

17 

-508 

0/6 

13 

C-84 

-020 

0/6 

8 

UcPS2 

-152 

0/7 

11 

TC7(SV40/26) 

C-  6 

-006 

0/6 

7 

-511 

0/5 

16 

C-56 

013 

0/5 

10 

C-52 

-134 

0/4 

4 

C-44 

-012 

0/1 

15 

C-  9 

-145 

0/3 

7 

C-35 

-009 

0/5 

10 

UsMISF 

-507 

0/3 

13 

-040 

0/5 

6 

TABLE  3 

Tumorigenidty  in  ALS^  Immunosuppressed  Hamster's  of  Various  Cloned 
and  Undoned  TC7  Cells  Possessing  SV40  DNA  Fragments 


Cells 

Inoculated 

Exp. 

No, 

#Animals  with  Tumors^ 
#Inoculated  Animals 

Observation 
Period  (Months) 

TC7 

HAI-008 

0/3 

5 

TC7  MI 

-006 

0/5 

8 

TC7(SV40/74) 

C-44 

-003 

0/4 

8 

C-18 

-013 

0/5 

1 

Uc~ps2 

-014 

0/8 

4 

TC7(SV40/26) 

C-56 

-Oil 

0/4 

4 

C-6 

-002 

0/5 

8 

C~52 

-010 

0/4 

2 

Uc-MISF 

-012 

0/5 

4 

^Anti-hamster  lymphocyte  serum 

^Based  on  total  numbers  of  survivors  during  observation  period 


28 


GULF  COAST  MOLEC.  BIOL.  CONF. 


To  determine  if  a  productive  infection  might  be  involved  in  the  preferential 
loss  of  monkey  cells,  we  fused  various  cloned  and  uncloned  tumor-derived  cells 
with  permissive  TC7  cells.  Infectious  virus  was  detected.  Since  we  were  able  to 
rescue  SV40  from  the  tumor  cells,  we  concluded  that  a  rare  complete  genome 
was  present  in  the  originally  transfected  culture.  Thus,  a  few  of  the  original  DNA 
recipient  cells  contained  the  complete  genome  (although  they  were  not  producing 
virus). 

Tumorigenicity  studies  using  TC7  cells  which  were  productively  infected  with 
very  low  concentrations  of  SV40  or  SV40  DNA,  or  of  TC7  cells  that  contained 
both  viral  subgenomes  (Table  4)  further  supported  a  necessity  for  the  complete 


TABLE  4 

Tumorigenesis  in  Hamsters  by  Various  TC7  Cells 
Possessing  Complete  Genome  Equivalents 


Cell  Lines 
Inoculated 

Exp. 

No. 

# Animals  with  Tumors 
# Inoculated  Animals 

Observation 
Period  (Months) 

TC7(SV40/74+26) 

Uc 

-001 

4/9 

4 

C-58 

-005 

1/2 

10 

C-16 

-007 

1/5 

7 

Uc530 

-292 

3/3 

3 

Uc530+BUdR 

-293 

5/5 

3 

genome  in  tumor  formation  by  these  xenogeneic  cells  in  the  hamsters.  Similarly, 
tumors  were  only  induced  in  xenogeneic  hamsters  or  allogeneic  rats  w4ien  a  complete 
genome  was  present  in  the  inoculated  cells  (Table  5). 


TABLE  5 

Tumorigenesis  of  Rat  Cells  Possessing  Defined  Regions  of  the  SV40  Genome 
Inoculated  Into  Xenogeneic  Hamster  and  Allogeneic  Rat  Hosts 


Cells 

Inoculated 

Animal 

Inoculated 

#  Animals  with  Tumors 
#  Inoculated 

Observation 
Period  (Months) 

BRK(SV40/59) 

Rat 

0/19 

7-12 

BRK(SV40/74) 

0/14 

7-12 

BRK(SV40/5«mHI100) 

1/14 

7-12 

BRK(SV40/59) 

Hamster 

0/14 

10-12 

BRK(SV40/74) 

0/16 

10-12 

BRK(SV40/^flmHI100) 

2/7 

10-12 

14B(l-4)/TC7 

1/1 

1-2 

Table  6  summarizes  a  comparison  of  the  characteristics  of  the  tumor  cells 
derived  from  syngeneic  tumors  and  tumors  induced  in  xenogeneic  or  allogeneic 
hosts  by  cells  containing  a  complete  genome  equivalent.  In  syngeneic  and  non- 
syngeneic  hosts,  the  SV40  transformed  tumorigenic  cells  are  T  antigen  positive 
and  represent  a  mixed  population  of  cells  upon  culture  in  vitro.  Late  genes  are 
expressed  in  tumor  cells  in  the  nonsyngeneic  host  and  the  entire  SV40  genome 
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TABLE  6 

Differences  in  Primary  Cell  Cultures  Derived  from  Tumors  Induced 
by  SV40  Transformed  Cells  in  a  Syngeneic  Host  and  SV40 
Transformed  or  Infected  Cells  in  a  Nonsyngeneic  Host 


Cell  Culture 
Characteristics 

SV40  Transformed  Cells 

In  Syngeneic  Host 

SV40  Transformed  Cells 
In  Nonsyngeneic  Host 

T  antigen  present  (i.  e., 
early  genes  expressed) 

Yes 

Yes 

V  antigen  present  (i.  e., 
late  genes  expressed) 

Rarely 

Yes 

Entire  SV40  Genome 

Necessarily  Present 

No 

Yes 

Mixed  Culture  Consists 

Initially  of  Tumor  Cells 
with  Some  Host  Cells, 

Principally  Fibroblasts 

Yes 

Yes 

Most  of  the  Tumor- 
Inducing  Cells  Lost  to 

Productive  Infection 

In  Vitro 

Rarely 

Yes 

Tumor-Inducing  Cells 

Have  Very  High  Cloning 
and  Plating  Efficiencies 

Yes 

No 

Clones  from  Later  Cell 

Passages  Consist  of: 

Tumor-Inducing  Cells 

Yes 

Yes/No 

Host  Fibroblasts 

No 

No 

Transformed  Host  Cells 

Not  distinguishable 

Yes 

Cells  Which  Have  Properties 
of  Both  Tumor-Inducing 
and  Host  Cells 

Not  distinguishable 

Yes 

appears  to  be  required  for  tumorigenesis.  Neither  late  genes  nor  the  entire  genome 
appears  to  be  involved  in  tumor  formation  by  transformed  cells  in  a  syngeneic 
host.  Since  many  cells  from  the  nonsyngeneic  host  are  lost  to  productive  infection, 
the  tumor  inducing  cells  have  a  low  cloning  or  plating  efficiency  relative  to  tumor 
cells  from  an  entirely  syngeneic  system.  Following  in  vitro  passage  the  tumor- 
inducing  cells  from  the  nonsyngeneic  tumor  system  may  be  lost  from  the  culture 
and  remaining  cells  may  have  properties  of  both  the  tumor-inducing  and  host  cells. 

Table  7  compares  the  effect  of  the  complete  and  partial  SV40  genomes  on 
the  recipient  cell  cultures  and  the  ability  of  the  cells  to  fomi  tumors.  Results 
using  HuEK  cells  were  similar  to  those  for  AGMK  cells  (data  not  shown).  The 
complete  genome  or  a  partial  genome  containing  the  SV40  early  genes  can  trans¬ 
form  nonpermissive  cells  but  only  those  containing  the  entire  genome  are 
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tumorigenic  in  a  nonsyngeneic  host.  Early  genes  and  late  genes  can  be  maintained 
in  a  potentially  biologically  active  state  in  permissive  cells  but  only  permissive  cells 
containing  the  entire  genome  are  tumorigenic  in  hamsters. 

Tumor  formation  is  a  cascade  of  events  rather  than  a  single  event. 
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Our  data  suggest  that  cell  transformation  and,  indeed,  viral  transforming  proteins, 
are  only  a  small  initial  part  of  the  entire  process. 

We  can  speculate  on  why  the  cells  which  contain  complete  genomes  or  are 
producing  virus  are  not  rejected  and,  indeed,  are  tumorigenic.  Some  of  our  studies 
suggest  that  host  genes  may  be  transferred  to  the  inoculated  cells.  This  could 
occur  either  by  a  host  DNA  transfer  or  by  spontaneous  cell  fusion.  Cellular  and 
humoral  suppressor  systems,  “blocking"’  and  other  immunologic  factors  most 
probably  play  an  important  role  in  tumor  formation.  The  possible  mechanisms 
of  tumorigenesis  by  these  cells  is  currently  being  investigated.  The  results,  sum¬ 
marized  in  Tables  6  and  7,  suggest  that  subgenomes  containing  the  early  region 
of  SV40  DNA  are  capable  of  transforming  cell  cultures  in  vitro  but  that  a  complete 
genome  may  be  needed  for  tumorigenesis. 
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COMMENTS 

Bollon:  One  way  of  determining  if  the  whole  genome  were  present  would  be  to  hybridize 

with  probes  from  different  parts  of  the  genome.  Have  you  attempted  this? 

M.R  Moyer:  Those  studies  are  in  progress. 

Chen:  Is  SV40  rescue  mediated  by  nuclear  or  cytoplasmic  factors? 

M.E Moyer:  We  have  not  done  these  types  of  studies  but  research  by  Righthand  and  her 
co-workers  suggest  cytoplasmic  factors  may  be  required. 
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ABSTRACT 

The  transport  of  aminoisobutyric  acid  and  3-0-methylglucose  was  measured  in  venous 
lymphocytes  from  Down’s  syndrome  patients  and  comparable  controls  unstimulated  and 
periodically  after  stimulation  with  the  mitogens  phytohemagglutinin  and  pokeweed  mitogen. 
Both  substances  are  transported  by  facilitated  diffusion  and  the  kinetics  were  evaluated  by 
use  of  double  reciprocal  plots  of  the  rates.  (maximal  rate  of  transport)  for  both 

aminoisobutyric  acid  and  3-0-methylglucose  were  higher  in  unstimulated  control  lymphocytes 
after  stimulation  by  mitogens.  Mitogen  stimulation  increased  the  rate  of  uptake  of  both  the 
nonmetabolizeable  amino  acid  and  nonmetaboUzeable  sugar,  but  to  a  greater  extent  in  control 
lymphocytes  than  those  from  Down’s  patients.  The  Kj.^  (affinity  of  substrate  to  the  binding 
site)  remained  virtually  the  same  in  both  Down’s  and  control  lymphocytes,  as  well  as  after 
mitogen  stimulation  in  both  Down’s  and  control  lymphocytes.  It  is  concluded  that  the  affinity 
of  the  transport  sites  for  both  aminoisobutyric  acid  and  3-0-methylglucose  were  the  same 
in  both  Down’s  and  control  lymphocytes,  but  that  the  number  of  sites  available  for  transport 
initially,  or  the  additional  sites  uncovered  by  mitogen  stimulation  was  greater  in  controls 
than  in  Down’s  lymphocytes. 

INTRODUCTION 

We  would  like  to  report  an  abnormality  of  transport  of  the  nonmetabolizeable 
amino  acid  a-aminoisobutyric  acid  (AIB),  and  the  nonmetabolizeable  glucose 
analog,  3-0-methylglucose  (3-OMG);  in  peripheral  venous  lymphocytes  from 
patients  with  Down’s  syndrome  as  compared  to  normal  controls. 

Down’s  syndrome  is  a  disease  characterized  by  an  extra  chromosome  21  (i.e. 
three  copies  of  chromosome  21  instead  of  the  normal  2).  In  ways  that  are  still 
poorly  understood,  the  extra  DNA  in  the  3rd  chromosome  leads  to  the  various 
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manifestations  of  this  syndrome.  Manifestations  that  point  to  an  abnormality  of 
lymphocyte  function  as  part  of  the  clinical  picture  include: 

1 .  Increased  susceptibility  to  infection, 

2.  Very  high  incidence  of  leukemia  in  childhood, 

3.  High  incidence  of  myelofibrosis, 

4.  High  persistent  levels  of  Australia  antigen  in  the  blood  combined  with  low 

levels  of  antibody  to  it,  and 

5.  Abnormal  levels  of  IgM  and  IgA  in  the  serum  (Smith  and  Berg,  1976). 

As  part  of  a  study  of  lymphocyte  function  in  Down’s  patients,  we  measured 
the  uptake  of  radioactively  labeled  AIB  and  3-OMG  by  venous  lymphocytes 
in  vitro.  When  lymphocytes  are  treated  with  lectins,  they  undergo  a  series  of 
metabolic  changes,  morphologic  transformations,  and  fmally  mitosis.  One  of  the 
earliest  changes  induced  by  lectins,  which  occurs  within  1  hr  or  less,  is  increased 
transport  of  amino  acids  and  sugars  (Mendelsohn,  a:/. ,  1971;  van  den  Berg  and 
Betel,  1973;  Peters  and  Hausen,  1971).  We  also  studied  AIB  and  3-OMG  uptake 
after  stimulation  of  lymphocytes  by  lectins.  Phytohemagglutinin,  which  stimulates 
primarily  T  cells  in  humans,  and  pokeweed  mitogen,  which  stimulates  primarily 
B  cells,  were  used. 

MATERIALS  AND  METHODS 

Blood  was  drawn  from  Down’s  patients  and  normal  controls  using  buffered 
potassium  EDTA  as  anticoagulant.  The  cells  were  sedimented  and  resuspended  in 
twice  the  volume  of  saline.  Lymphocytes  were  separated  by  use  of  a  discontinuous 
Ficoll-sodium  metrozoate  gradient  as  described  by  Boyum  (1968).  The  lympho¬ 
cytes  were  washed  3  times  with  HEPES-buffered  Earle’s  Balanced  Salt  Solution, 
which  was  glucose-free  for  studies  of  3-OMG  uptake.  Samples  of  washed  lympho¬ 
cytes  were  distributed  in  sterile  plastic  tubes  and  preincubated  at  37  C  for  1  hr 
with  1  jug/ml  final  concentration  phytohemagglutinin  or  10  jug/ml  final  concentra¬ 
tion  pokeweed  mitogen,  or  in  the  case  of  controls  with  Earle’s  Balanced  Salt 
Solution.  The  lymphocytes  were  sedimented,  resuspended  in  Earle’s  Balanced 
Salt  Solution  with  or  without  glucose,  and  incubated  for  varying  periods  of  time 
with  labeled  AIB  or  labeled  3-OMG  made  up  to  various  concentrations  with 
unlabeled,  cold  substrate.  At  the  end  of  the  incubation  period,  the  cells  were 
diluted  with  30  volumes  of  ice-cold  phosphate -buffered  saline  and  vacuum  filtered 
on  presoaked  glass  fiber  filters.  The  cells  were  not  permitted  to  dry  on  the  glass 
fiber  filters  because  this  was  found  to  cause  cell  lysis  leading  to  invalid  results. 
The  cells  on  the  filters  were  then  washed  twice  with  buffer.  Finally,  the  filters 
were  placed  in  scintillation  vials,  scintillation  fluid  containing  Triton  X-100  was 
added,  the  filters  soaked  overnight,  and  the  radioactivity  determined  in  a  Packard 
scintillation  counter. 
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RESULTS  AND  DISCUSSION 

Fig.  1  shows  a  typical  progress  curve  of  AIB  uptake  by  normal  lymphocytes. 
The  bottom  curve  is  for  unstimulated  lymphocytes,  the  middle  curve  is  for  lympho¬ 
cytes  stimulated  by  pokeweed  mitogen,  and  the  upper  curve  is  for  phytohemag¬ 
glutinin-stimulated  lymphocytes.  Fig.  2  shows  a  typical  progress  curve  for  AIB 
uptake  by  lymphocytes  from  a  Down’s  syndrome  patient.  It  is  apparent  that  the 
rate  of  AIB  uptake  is  less  in  Down’s  lymphocytes  whether  unstimulated ,  pokeweed 
mitogen  stimulated,  or  phytohemagglutinin  stimulated  than  in  normal  controls. 


Figure  1.  Uptake  of  U-aminoisobutyric  acid  (AIB)  by  a  suspension  of  normal  human 
lymphocytes  in  Earle’s  Balanced  Salt  Solution  containing  0.18  mM,  9.05 
mCi/mmole  ^^C-AIB  at  37  C.  Lower  curve  is  for  unstimulated  lymphocytes, 
middle  curve  is  for  lymphocytes  preincubated  with  10  /tg  pokeweed  mitogen 
per  ml,  and  upper  curve  is  for  lymphocytes  preincubated  with  1  {Jig  phytohemag¬ 
glutinin/ml. 

Fig.  3  shows  a  typical  progress  curve  for  3-OMG  uptake  by  normal  lymphocytes. 
Again,  the  lower  curve  is  unstimulated,  the  middle  curve  is  for  pokeweed  mitogen 
stimulated  lymphocytes,  and  the  upper  curve  is  for  phytohemagglutinin  stimulated 
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Figure  2.  Uptake  of  AIB  by  a  suspension  of  venous  lymphocytes  from  a  patient  with 
Down’s  syndrome.  Otherwise  similar  to  Fig.  1. 


lymphocytes.  Fig.  4  shows  a  typical  progress  curve  for  3-OMG  uptake  by  lympho¬ 
cytes  from  a  patient  with  Down’s  syndrome.  Again,  it  is  apparent  that  the  rate 
of  3-OMG  uptake  is  less  in  Down’s  lymphocytes  whether  unstimulated,  pokeweed 
mitogen  stimulated,  or  phytohemagglutinin  stimulated  than  in  normal  controls. 

In  experiments  not  depicted,  uptake  experiments  were  carried  on  for  long 
periods  of  time  until  equilibrium  was  reached  between  the  intracellular  fluid  and 
the  incubation  buffer.  At  equilibrium,  the  same  concentration  of  substrate  in  the 
intracellular  fluid  as  in  the  incubation  buffer  was  found. 

Another  set  of  control  experiments  not  depicted  involved  measurement  of 
cell  volume.  Differences  or  changes  in  cell  volume  would  require  normalization 
of  the  results  to  take  such  volume  differences  into  account.  The  volume  measure¬ 
ments  were  performed  using  a  Coulter  counter  where  it  has  been  shown  that  the 
height  of  the  voltage  pulse  produced  when  a  cell  passes  through  the  central  core 
of  the  orifice  is  proportional  to  the  cell  volume.  No  differences  were  found  in 
the  volume  distribution  of  control  or  Down’s  lymphocytes,  or  between  unstimu¬ 
lated  and  lectin  stimulated  lymphocytes  over  the  time  interval  of  these  uptake 
experiments. 

Fig.  5  shows  AIB  uptake  by  normal  lymphocytes  at  15  min  as  a  function  of 
AIB  concentration.  Similar  data  for  AIB  uptake  by  Down’s  lymphocytes  as  a 
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Figure  3.  Uptake  of  3-0-methylglucose  (3-OMG)  by  a  suspension  of  normal  human 
lymphocytes  in  Earle’s  Balanced  Salt  Solution  (glucose-free)  containing  0.24 
mM,  200  mCi/mmole  ^H-3-OMG  at  25  C.  Lower  curve  is  for  unstimulated 
lymphocytes,  middle  curve  is  for  lymphocytes  preincubated  with  lO^tg  pokeweed 
mitogen/ml,  and  upper  curve  is  for  lymphocytes  preincubated  with  IfJg  phyto¬ 
hemagglutinin/ml. 

function  of  concentration  are  shown  in  Fig.  6.  Fig.  7  shows  3-OMG  uptake  by 
normal  lymphocytes  at  1  min  as  a  function  of  3-OMG  concentration .  The  progress 
curve  of  3-OMG  uptake  is  linear  for  only  short  periods  of  time.  Similar  data  for 
3-OMG  uptake  as  a  function  of  concentration  by  Down’s  lymphocytes  are 
depicted  in  Fig.  8. 

Facilitated  diffusion,  a  saturable  process,  can  be  evaluated  by  an  expression 
similar  to  the  Michaelis-Menton  equation  in  terms  of  a  K^,  which  quantifies  the 
affinity  of  substrate  to  the  binding  site ,  and  a  ’'^hich  quantifies  the  maximal 

rate  of  transport.  and  for  transport  processes  can  be  evaluated  by  double 
reciprocal  plots  where  the  reciprocal  of  the  uptake  rate  for  the  linear  portion  of 
the  progress  curve  is  plotted  against  the  reciprocal  of  substrate  concentration. 
Such  double  reciprocal  plots  were  obtained  for  each  uptake  experiment  and  the 
results  compiled  and  analyzed  statistically.  The  data  are  summarized  in  Fig.  9. 
Kj-j-j  is  approximately  the  same  for  AIB  uptake  and  3-OMG  uptake  in  both  Down’s 
and  normal  lymphocytes,  whether  the  uptake  was  measured  in  unstimulated, 
pokeweed  mitogen  stimulated,  or  phytohemagglutinin  stimulated  cells.  We 
interpret  these  results  to  indicate  that  the  affinities  of  both  classes  of  binding 
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Figure  4.  Uptake  of  3-OMG  by  a  suspension  of  venous  lymphocytes  from  a  patient  with 
Down’s  syndrome.  Otherwise  similar  to  Fig.  3. 


Figures.  Uptake  of  labeled  AIB  by  suspensions  of  normal  lymphocytes  incubated  in 
Earle’s  Balanced  Salt  Solution  containing  various  concentrations  of  AIB  for 
15  min  at  37  C.  Lower  curve  is  for  unstimulated  lymphocytes,  middle  curve  is 
for  lymphocytes  preincubated  with  10  jUg  pokeweed  mitogen/ml,  and  upper 
curve  is  for  lymphocytes  preincubated  with  1  jJg  phytohemagglutinin/ml. 
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Figure  6.  Similar  to  Fig.  5  except  venous  lymphocytes  from  a  patient  with  Down’s 


syndrome  were  used. 


Figure  7.  Uptake  of  labeled  3-OMG  by  a  suspension  of  normal  lymphocytes  incubated 
in  glucose-free  Earle’s  Balanced  Salt  Solution  containing  various  concentrations 
of  3-OMG  for  1  min  at  25  C.  Lower  curve  is  for  unstimulated  lymphocytes, 
middle  curve  is  for  lymphocytes  preincubated  with  10  fJg  pokeweed  mitogen/ml, 
and  upper  curve  is  for  lymphocytes  preincubated  with  1  /ig  phytohemagglu¬ 
tinin/ml. 
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Figure  8.  Similar  to  Fig.  7  except  venous  lymphocytes  from  a  patient  with  Down’s 
syndrome  were  used. 


Figure  9. 
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(Figure  9  Continued) 

Figure  9.  was  calculated  using  double  reciprocal  plots  of  the  reciprocal  of  uptake 

rate  vs  the  reciprocal  of  substrate  concentration  for  AIB  and  3-OMG  uptake 
by  normal  and  Down’s  lymphocytes,  unstimulated,  stimulated  by  pokeweed 
mitogen,  and  stimulated  by  phytohemagglutinin.  The  values  of  6-10  experi¬ 
ments  for  each  condition  were  averaged,  the  standard  deviations  determined, 
and  the  results  plotted  in  this  histogram. 

sites  for  substrate  are  the  same  in  Down’s  and  normal  lymphocytes,  and  that  the 
affinities  of  the  binding  sites  are  not  altered  after  lectin  stimulation. 

However,  for  both  AIB  uptake  and  3-OMG  uptake  is  greater  in  normal 

lymphocytes  than  in  Down’s  lymphocytes.  Furthermore,  the  increase  in 
after  lectin  stimulation  is  greater  in  normal  lymphocytes  than  in  Down’s  lympho¬ 
cytes.  We  conclude  that  there  are  more  binding  sites  available  for  both  transport 
processes  in  normal  lymphocytes  than  in  Down’s  cells  and  that  relatively  more 
binding  sites  are  made  available  by  lectin  stimulation  in  normal  lymphocytes  than 
in  Down’s  cells. 
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COMMENTS 


Juarez:  Could  the  differences  in  transport  observed  in  the  Down’s  syndrome  and  control 

cells  be  attributed  to  the  effects  of  mitogen-induced  transformation  itself, 
rather  than  solely  to  mitogen  stimulation  per  sel  Have  the  effects  of  transfor¬ 
mation  on  transport  been  examined? 

Singh:  In  our  studies,  the  lymphocytes  were  preincubated  with  mitogens  for  only 

1  hr.  At  least  48  hr  of  incubation  with  mitogens  is  required  before  transfor¬ 
mation  begins.  Furthermore,  we  ruled  out  changes  due  to  differences  in  cell 
volume.  Thus,  our  results  are  not  due  to  mitogen-induced  transformation. 
The  effects  of  transformation  on  transport  have  been  examined  by  several 
other  investigators  in  different  systems.  The  membrane  and  its  transport 
properties  are  altered  upon  transformation.  To  the  best  of  my  knowledge, 
these  changes  have  not  been  studied  in  Down’s  syndrome. 

Wild:  Data  for  transport  velocity  must  be  collected  over  a  period  of  time  during  which 

transport  is  linear  with  time,  in  order  for  analysis  by  double-reciprocal  treat¬ 
ment  of  the  data  to  be  vahd.  Is  this  the  case  for  your  experiments? 

Singh:  Yes,  we  were  careful  about  this  point.  This  was  particularly  true  for  3-OMG 

where  uptake  at  37  C  began  to  deviate  from  hnearity  after  a  few  minutes.  There¬ 
fore,  the  uptake  studies  using  3-OMG  were  performed  at  25  C,  where  linear 
uptake  was  present  for  somewhat  longer  periods  of  time. 
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INTRODUCTION 

For  the  past  30  yr,  numerous  advances  in  protein  analysis  technology  such  as 
automation  of  sequencing  procedures,  computerized  data  analyses  of  x-ray  crystal¬ 
lographic  information,  more  sensitive  methods  for  identification  and  separation 
of  amino  acids  and  their  derivatives  have  made  possible  the  elucidation  of 
structural-functional  relationships  of  many  biologically  active  proteins  and  pep¬ 
tides.  Recently,  with  improved  methods  for  amino  acid  analysis,  detection  and 
sequencing  (Silver,  1977;  Hare,  1977),  it  has  become  possible  to  obtain  peptide 
fingerprints  from  subnanomole  amounts  of  material  (Gracy,  1977),  and  it  also 
seems  possible  to  extend  these  studies  to  include  primary  structural  analysis  of 
the  isolated  peptides. 

The  present  study  describes  a  general  approach  to  sequencing  strategies  at  the 
subnanomole  levels  by  utilizing  a  combination  of  thin  layer  peptide  fingerprinting 
and  high  sensitivity  amino  acid  analysis  to  elucidate  the  primary  sequence  of 
human  triosephosphate  isomerase  (TPI)  (E  C  5. 3. 1.1.). 

Human  TPI  exists  as  multiple  electrophoretic  forms.  Fig.  1  shows  the  electro¬ 
phoretic  patterns  of  the  major  isozymes,  TPI-A  and  TPI-B,  isolated  from  placenta. 
TPI-B  predominates  in  most  tissues,  while  the  more  acidic  TPI-A  is  found  at  low 
levels  in  most  human  tissues  with  the  exception  of  erythrocytes  and  lymphocytes 
(Harris  and  Hopkinson,  1976;  Kester,  et  al,  1977).  Studies  of  the  biological 
properties  of  the  2  isozymes  have  thus  far  failed  to  provide  a  basis  for  the  physio¬ 
logical  roles  of  the  2  isozymes.  Recently,  Kester,  et  al,  (1977)  found  that  during 
mitogen-induced  blastogenesis  lymphocytes  primarily  synthesize  TPl-A.  More¬ 
over,  TPI-A  has  also  been  observed  in  markedly  elevated  levels  in  other  types  of 
undifferentiated  and  dedifferentiated  tissues  including  certain  types  of  neoplasms 
(Gracy,  1978).  Thus,  the  elucidation  of  the  molecular  basis  of  these  isozymes  is 
of  particular  interest. 
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Figure  1.  Alkaline  disc  gel  electrophoresis  of  purified  TPI-A  and  TPI-B  (each  in  duplicate). 

Each  isozyme  migrated  as  a  primary  zone  with  minor  zones  as  demonstrated 
by  total  protein  stain  and  activity  stain. 

MATERIALS  AND  METHODS 

Enzymes 

Human  TPI  isozymes  were  isolated  from  placenta  according  to  Yuan,  et  al, 
(1979)  by  a  combination  of  ion  exchange  chromatography,  isoelectric  focusing, 
and  gel  filtration.  The  isozymes  were  obtained  in  homogeneous  form  with  specific 
activities  greater  than  6,500  U/mg.  Rabbit  muscle  TPI  (sp.  act.  6,540  U/mg)  was 
obtained  from  Sigma  Chemical  Co. 
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Tryptic  Digestion 

Performic  acid  oxidized  protein  samples  (300  jug  each)  were  digested  with  3 
pg  of  DCC-treated  trypsin  (Sigma)  in  200  /rC  of  0.2  M  ammonium  bicarbonate 
buffer  (pH  8.0)  according  to  the  method  described  by  Gracy  (1977). 

Two  Dimensional  Peptide  Fingerprints 

Approximately  75-100  pg  of  digested  proteins  were  spotted  on  20  cm  x  20  cm 
cellulose  coated  thin -layer  plates,  and  electrophoresis  was  conducted  in  the  first 
dimension  at  constant  current  [20  ma,  90  min  in  pyridine-acetic  acid-water 
(1:10:89,  pH  3.7)] .  Chromatograms  were  air-dried  after  electrophoresis  and  fol¬ 
lowed  by  ascending  chromatography  in  butanol-pyridine-acetic  acid-water 
(50:33:1:40).  Peptides  were  located  by  first  spraying  lightly  with  a  mist  of  10% 
triethylamine  (10%  v/v  in  methylene  chloride).  After  drying,  the  maps  were  then 
sprayed  with  0.01%  florescamine  (1  mg/10  ml  acetone),  followed  by  a  second 
spraying  with  triethylamine  and  were  viewed  under  short  wave  length  ultraviolet 
light. 

Recovery  of  Peptides  from  Thin-Layer  Plates 

After  the  peptides  were  located  on  the  thin-layer  plates,  the  peptides  were 
carefully  scraped  from  the  plastic  backing  and  transferred  to  Pasteur  pipets  which 
had  been  tightly  plugged  with  glass-fiber  membrane  filters  (Sartorius  SM  13400) 
and  prewashed  with  at  least  1  ml  of  6N  HCl.  Subsequently,  0.5  ml  of  6N  HCl 
containing  0.02%  2-mercaptoethanol  were  added  to  the  Pasteur  pipet.  After 
gently  agitating  the  cellulose  suspension  for  about  20  sec,  the  HCl  was  then  forced 
through  the  filter  with  dry,  purified  nitrogen.  The  effluent  was  sealed  in  vacuo 
and  hydrolyzed  for  24  hr  at  110  C.  After  hydrolysis,  the  hydrolysate  was  dried 
under  nitrogen  in  water  bath  (50  C)  and  subjected  to  amino  acid  analysis. 

Amino  Acid  Analysis 

Amino  acid  analyses  were  carried  out  on  a  Durrum  automatic  peptide/amino 
acid  analyzer  utilizing  an  o-phthaldialdehyde  fluorescence  detection  system. 
Cysteine  and  tryptophan  were  not  quantified  due  to  destruction  by  acid  hydrol¬ 
ysis.  The  determination  of  proline  was  precluded,  since  the  amino  acid  fails  to 
react  with  o-phthaldialdehyde. 

RESULTS  AND  DISCUSSION 

The  complete  amino  acid  sequences  of  rabbit,  chicken,  and  coelacanth  TPI 
have  been  elucidated  by  different  laboratories  (Kolb,  et  al,  1974;  et  al, 

1974;  Corran  and  Waley,  1975;  Gracy  and  Yuan,  1979)  and  are  comprised  of 
highly  conservative  sequences.  The  estimated  rate  of  evolution  is  about  2  amino 
acid  substitutions  per  million  years  (Corran  and  Waley,  1975).  Human  TPI  iso¬ 
zymes  have  very  similar  general  features  to  the  rabbit  enzyme.  On  the  basis  of 
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amino  acid  analyses,  it  appears  that  possible  substitutions  of  serine  for  threonine 
may  have  occurred  in  the  human  vs.  rabbit  enzymes.  The  higher  content  of 
glutamic  acid  and  lower  content  of  lysine  in  the  human  enzymes  are  consistent 
with  the  lower  isoelectric  points  of  the  human  enzymes  (pi  =  5.2  and  5.7)  as 
contrasted  to  the  rabbit  TPI  (pi  =  6.8). 

We  have  previously  shown  (Gracy  and  Yuan,  1979)  that  both  human  isozymes 
possess  carboxyl  terminal  glutamines  and  amino  terminal  alanines  (identical  to 
those  of  the  rabbit  enzyme).  Furthermore,  cleavage  at  methionine  and  at  meth¬ 
ionine  and  cysteine  with  CNBr  followed  by  separation  of  the  peptides  on  15% 
SDS  polyacrylamide  gels  revealed  homologies  with  respect  to  the  positions  of 
these  amino  acids.  The  compositions  of  dansylated  amino  terminal  residues  of 
these  CNBr-cleaved  fragments  of  TPI-A  and  TPI-B  were  also  identical  with  those 
of  rabbit  enzyme.  Fig.  2  shows  the  overlapping  molecular  frame  of  the  human 
isozymes  on  the  rabbit  enzyme  sequence. 


AMINO  ACID  SEQUENCE  OF  RABBIT  MUSCLE  TRIOSEPHOSPHATE  ISOMERASE 

(a)-  P-S-R-K-F-F-V-G-G°-N-W-K  -0-(n)-  g  -  r  -  k  -  k  -  n°- 

21  30  40 

L-G-E-L-I-T-T-L-N-A-A-K-V-P-A-D-T-E-V-V- 
[clrT)-  P  -  P  -  T  -  A  -  Y  -  I  -  D  -  P-  A  -  R  -  Q  -  K  -  L  -  D  -  P  -  K  -  I  -  A°- 
V  -  A  -  A  -  Q  -  N  -[T|-(y)-  K-V-T-N-G-A-F-T-G-E-1-S-P- 
g'{3-(i^-  d  -0-(g)-  a  -  t  -  r  V  -  V  -  L  -  G  -  H  -  S  -  E  -  R 
E-S-D-E-L-I-G-Q-K-V-A-H-A-L-S 
I  -  A  G  -  E  -  K  -  L  -  D  -  E  -  R  -  E 


101  ^ 
V  -  F  -  G 

121 

L  -  G  -  V 


141 

K  -  V  -  V  -  F  -  E 
161 

V  -  L  -  A  -  Y  -  E 


150 

Q-T-K-V-I-A-D-N 


181 

A-Q-E-V-H-E-K 


170 

W  -  A  -  I  -  G  -  T 

190 

L  -  R  -  G  -  W  -  L 


201  210 

A-Q-S-T-R-I-I-Y-G-G-S-V 

221  230 

A-S-Q-P-D-V-D-G-F-L-V-G 

241  A  A  A  ^ 

. .  A-  K  ^ 
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R  -  H  - 

120 

E  -  G  - 

140 

T  -  E  - 


160 
K  -  V 
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200 

A  -  V 
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T  -[lKTf  E-L- 

L  -  K  -  P  -  E 


V  -  D  n  za's 


Figure  2.  Amino  acid  sequence  of  rabbit  triosephosphate  isomerase  and  homologies 
with  the  human  isozymes.  Sites  of  apparent  homologies  with  human  TPI  are 
indicated  with  the  □,  O,  and  A. 
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Because  of  the  limited  quantity  of  most  human  enzymes,  for  structural  analyses 
one  must  rely  on  special  sequencing  strategies  and  highly  sensitive  analytical 
techniques.  Our  approach  can  be  divided  into  2  phases.  First  is  to  utilize  a  com¬ 
bination  of  high -sensitivity,  thin-layer  fingerprinting  techniques  and  high-sensi¬ 
tivity  amino  acid  analyses  of  peptides  recovered  from  the  thin  layers.  Comparative 
fingerprinting  and  analyses  of  these  peptides  permits  establishing  of  preliminary 
sequence  homologies  of  human  enzymes  without  any  sequence  data.  The  second 
phase  utilizes  ^^S-phenyl-iso  thiocyanate -solid  phase  methods  to  definitely 
establish  the  sequences  of  the  peptides  recovered  from  thin-layer  plates.  Fig.  3 
shows  a  comparison  of  tryptic  fmgerprinting  of  TPI-A  and  TPI-B.  The  figures 
are  direct  tracings  of  the  thin-layer  plates.  Twenty -six  identifiable  peptides  were 
observed  from  TPI-A  and  29  from  TPI-B.  based  on  a  comparison  of  the  finger¬ 
prints,  22  peptides  exhibit  identical  mapping  coordinates  between  TPI-A  and 
TPI-B, 


Figure  3.  Tryptic  peptide  fingerprints  of  human  placenta  TPI-A  and  TPI-B.  Unique  pep¬ 
tides  are  shown  by  shading.  Tl,  T2,  T3  are  the  peptides  thus  far  identified 
which  have  the  same  sequence  homologies  of  rabbit  enzyme. 

For  further  analysis  the  fingerprints  of  human  TPI-B  were  compared  with 
those  of  rabbit  TPL  Fifteen  peptides  exhibited  identical  mapping  coordinates. 
These  homologous  peptides  were  recovered  from  thin  layer  plates  and  subjected 
to  amino  acid  analysis.  Based  on  the  sequence  of  the  rabbit  enzyme,  3  peptides 
were  easily  identified  and  located  within  the  enzyme  primary  sequence.  The 
compositions  of  these  peptides  are  shown  on  Table  1 .  These  peptides  indicate  2 
features  commonly  encountered  by  this  procedure  which  simplify  structural 
analysis.  First,  the  simplicity  of  composition.  For  example,  peptide  T-1  upon 
analysis  was  clearly  a  dipeptide  composed  of  Leu  and  Arg.  The  only  position  in 
the  established  sequence  of  rabbit  TPI  compatible  with  this  analysis  is  the  dipep¬ 
tide  at  positions  188-189.  Second,  certain  peptides  exhibit  unique  amino  acid 
compositions.  For  example,  peptide-T3  after  hydrolysis  contained  5  glutamates 
per  lysine,  which  can  unequivocally  be  identified  as  corresponding  to  the  rabbit 
sequence  of  175-187. 
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TABLE  1 


Amino  Acid  Analyses  of  Peptides  Recovered  from  Thin-Layer  Fingerprints 


Amino  Acid 

Human 

p  Mole  (Residue/Lys  or  Arg) 

Rabbit 

T1 

T2 

T3 

T1 

T2 

T3 

Asx 

540(2.0) 

750(1.9) 

Thr 

310(2.1) 

500(2.1) 

Ser 

Glx 

600(4.0) 

1,000(4.3) 

Gly 

Ala 

380(1.4) 

250(1.6) 

280(2.2) 

600(2.6) 

Val 

540(2.0) 

1  10(0.7) 

230(1.8) 

170(0.7) 

Met 

He 

730(0.9) 

220(0.8) 

350(0.77) 

1 10(0.9) 

Leu 

Tyr 

Phe 

His 

220(0.9) 

100(0.6) 

Lys 

270(1.0) 

2  30(1.0) 

130(1.0) 

150(1.0) 

Arg 

840(1.0) 

450(1.0) 

AMINO  ACID  SEQUENCE  OF  RABBIT  MUSCLE  TRIOSEPHOSPHATE  ISOMERASE 
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Figure  4.  Current  knowledge  of  the  sequence  of  human  TPI  isozymes  relative  to  the  rab¬ 
bit  enzyme,  i  :  T1  T2;  A  :  T3;  h  :  active  site  peptide  derived  from  pepsin 
digestion  (Hartman  and  Gracy,  1973). 
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However,  not  all  the  peptides  recovered  from  thin  layer  comparative  finger¬ 
printing  can  be  identified  solely  on  amino  acid  composition  analyses  (e.g.  peptide 
T-2).  In  these  cases,  high  sensitivity  sequencing  procedures  such  as  those  utilizing 
^^S-phenylisothiocyanate-solid  phase  sequencing  should  provide  clarification  of 
the  identity  of  these  regions  in  the  overall  primary  structure. 

Fig.  4  summarizes  our  current  knowledge  of  the  sequence  of  the  human  TPI 
isozymes  relative  to  the  rabbit  enzyme.  The  strategies  and  methods  utilized  in 
this  study  and  the  preliminary  sequence  data  presented  here  seem  to  clearly  in¬ 
dicate  that  this  approach  can  be  utilized  for  other  proteins  which  are  available 
only  in  very  limited  quantities. 
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ABSTRACT 


Normal  rat  kidney  cells  infected  with  temperature-sensitive  (ts)  mutants  of  Rous  sarcoma 
viruses  (RSV)  at  the  permissive  temperature  (33  C), exhibit  the  morphological  characteristics 
of  the  transformed  state,  whereas  at  nonpermissive  temperature  (39  C)  they  exhibit  normal 
characteristics.  The  addition  of  3-deazaguanine  (3-DG)  to  infected  cells  grown  at  39  C  sup¬ 
presses  the  retransformation  when  the  cells  are  shifted  to  33  C.  Removal  of  the  inhibitor 
causes  the  cells  to  revert  to  the  transformed  state.  Merely  treating  cells  at  33  C  with  3-DG 
does  not  cause  them  to  change  from  the  transformed  phenotype  to  the  normal  phenotype. 
3-DG  also  inhibits  transformation  of  chick  embryo  fibroblasts  infected  with  wild-type  RSV. 
In  addition  3-DG  has  no  effect  on  replication  of  RSV  in  the  chick  embryo  cells. 

INTRODUCTION 


Studies  reporting  the  antibacterial  (Kidder  and  Dewey,  1957)),  antitumor 
(Montgomery  and  Hewsen,  1965),  and  antiviral  (Allen,  et  al,  1977)  activities  of 
certain  1-  and  3-deazapurines  have  established  the  potential  chemotherapeutic 
importance  of  such  compounds.  Recently,  3-deazaguanine  (3-DG)  and  its  cor¬ 
responding  nucleoside  and  nucleotide  were  synthesized  at  the  ICN  Pharmaceutical 
Laboratory  in  Irvine,  CA  (Cook,  et  al,  1976).  Reports  describing  the  broad- 
spectrum  antiviral  activities  of  3-DG  (ICN  4221),  and  its  derivatives  indicate  that 
they  have  in  vitro  activities  against  9  RNAand  7  DNA  viruses  (Allen,  al ,  1977). 
In  vivo  studies  have  also  shown  their  antitumor  activity  against  LI 2 10  leukemia 
and  adenocarcinoma  755  in  C57  BlK/6  female  mice  (Khwaja,  er  ,  1975).  The 
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present  report  describes  the  effects  of  3-DG  on  normal  rat  kidney  (NRK)  and 
chick  embryo  cells  infected  with  temperature-sensitive  (ts)  mutants  and  wild- 
type  Rous  sarcoma  viruses  (RSV). 

MATERIALS  AND  METHODS 

Compounds.  3-DG,  whose  chemical  formula  is  6-aminoimidazo  (4.5 -C) 
pyridin-4  (5H)-1  was  obtained  from  Lois  B.  Allen  at  Texas  College  of  Osteopathic 
Medicine.  3-DG  was  dissolved  in  minimal  essential  medium  in  4  different  concen¬ 
trations.  The  concentrations  are  ISpgjwX,  50/ig/ml,  75jUg/ml,  and  lOOjug/ml. 

Cell  Cultures.  Monolayer  cultures  of  secondary  chick  emryo  fibroblasts  (CEF) 
were  grown  in  F-10  nutrient  mixture  (Grand  Island  Biological  Co.,  Berkeley, 
CA),  10%  tryptose  phosphate  broth  (Difco),  5%  calfserum,  2%  chicken  serum  and 
penicillin  (100  units/ml)  and  streptomycin  (100  units/ml).  Normal  rat  kidney 
cells  (NRK)  infected  with  a  ts  mutant  and  wild-type  RSV  with  properties  as 
described  by  Chen,  et  «/.  ,(1977), were  grown  in  Eagle  minimal  essential  medium, 
(Grand  Island  Biological  Co.,  Berkeley,  CA)  supplemented  with  10%  tryptose 
phosphate  broth,  5%  calf  serum  and  penicillin  (100  units/ml)  and  streptomycin 
(100  pglml).  The  ts  mutant  (LA-31)  infected  NRK  cells  were  grown  at  39  C  and 
then  treated  with  the  different  concentrations  of  3-DG  for  6  hr  before  shifting 
to  33  C.  Cell  retransformation  was  then  monitored  by  morphological  observation 
until  the  controls  were  fully  transformed.  NRK  cells  infected  with  ts  mutant 
(LA-31)  and  wild-type  (B77)  RSV  were  also  grown  at  33  C  and  then  treated 
with  the  different  concentrations  of  3-DG  in  order  to  determine  whether  the 
compound  will  cause  the  cells  to  revert  from  the  transformed  phenotype  to  the 
normal  phenotype  at  the  permissive  temperature. 

Viruses.  Three  wild-type  strains  of  RSV  (PR-A,  B77,  SR-D)  available  in  our 
laboratory  were  inoculated  into  CEF  in  the  presence  of  the  different  concentra¬ 
tions  of  3-DG.  The  effects  of  3-DG  on  CEF  transformation  and  subsequent 
RSV  replication  were  then  determined. 

RESULTS  AND  DISCUSSION 

The  effects  of  3-DG  on  ts  mutant  (LA-31)  infected  NRK  cells,  grown  and 
treated  with  3-DG  at  39  C,  then  shifted  to  33  C  are  as  follows.  Daily  observations 
of  cell  retransformation  show  that  when  the  controls  had  reached  the  fully  (100%) 
transformed  state  by  the  4th  day,  cells  treated  with  the  highest  concentration 
(lOOjUg/ml)  of  3-DG,  were  still  10%  transformed.  Up  until  the  7th  day  when  the 
experiment  was  terminated,  cells  treated  with  the  highest  concentration  of  3-DG 
were  still  30%  transformed.  These  results  strongly  suggest  that  3-DG  inhibits  the 
biosynthesis  of  transforming  protein  involved  in  morphological  transformation. 
It  also  appears  that  as  soon  as  the  compound  was  metabolized  by  the  cells,  cellular 
transformation  increases.  Upon  removal  of  culture  medium  containing  3-DG 
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from  the  cells,  the  cells  rapidly  become  transformed.  Simply  growing  these  cells 
at  the  permissive  temperature  and  treating  them  with  different  concentrations  of 
3-DG  did  not  cause  them  to  change  from  the  transformed  phenotype  to  the  nor¬ 
mal  phenotype  demonstrating  that  the  transforming  protein  involved  in  morpho¬ 
logical  change  was  still  present.  The  effects  of  3-DG  on  the  transformation  of 
CEF  infected  with  the  3  strains  of  wild-type  RSV  were  studied  by  examination 
of  the  degree  of  transformation  of  the  infected  cultures  following  the  addition 
of  the  different  concentrations  of  3-DG.  By  the  7th  day,  the  control  plates  had 
reached  the  fully  (100%)  transformed  state.  In  the  presence  of  the  highest  con¬ 
centration  (lOOjUg/ml)  of  3-DG  used,  CEF  infected  with  B77  strain  RSV  were 
10%  transformed,  PR-A  infected  cells  were  30%  transformed  and  SR-D  infected 
cells  were  5%  transformed .  These  results  indicated  that  3-DG  significantly  inhibits 
the  transformation  of  CEF  induced  by  RSV.  The  results  of  the  focus-forming 
unit  assay  of  supernatants  harvested  from  infected  CEF  treated  with  the  different 
concentrations  of  3-DG  show  that  it  did  not  cause  a  significant  or  dramatic  de¬ 
crease  of  the  virus  production  even  at  the  highest  concentration  (lOOjUg/ml)  of 
3-DG  used. 

Preliminary  results  from  experiments  determining  the  toxic  effects  of  3-DG 
on  both  NRK  and  CEF  cells  suggest  that  3-DG  has  a  cytostatic  effect  on  cell  growth. 

CONCLUSIONS 

We  have  shown  that  transformation  of  CEF  is  inhibited  significantly  by  high 
concentrations  of  3-DG.  Also,  3-DG  prevents  the  retransformation  of  rat  kidney 
cells  infected  with  a  ts  mutant  of  RSV  when  grown  at  nonpermissive  temperature 
and  then  shifted  to  permissive  temperature.  Little  or  no  effect  is  shown  on  virus 
replication  in  the  3  strains  of  wild-type  RSV  used.  Published  reports  suggest  that 
the  possible  mechanism  of  action  of  3-DG  is  the  inhibition  of  purine  nucleotide 
biosynthesis  by  inhibiting  some  enzymes  in  the  pathway  (Streeter  and  Koyama, 
1976).  Further  studies  on  the  actual  metabolism  of  3-DG  in  virus  transformed 
cells  is  required  to  determine  the  primary  mode  of  action  of  this  compound. 
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ABSTRACT 

Aspartate  transcarbamylase  (ATCase),  the  first  enzyme  unique  to  pyrimidine  biosynthesis, 
was  studied  from  13  members  of  the  family  Enterobacteriaceae .  The  study  suggests  that 
ATCase,  a  key  regulatory  enzyme,  is  an  important  tool  in  evolutionary  studies.  Data  are 
presented  which  shed  some  light  on  the  evolutionary  development  of  ATCase  in  different 
members  of  the  Enterobacteriaceae .  ATCase  from  Escherichia  coli  has  a  molecular  weight 
of  310,000  D,  is  composed  of  regulatory  and  catalytic  subunits,  its  velocity-substrate  plots 
are  sigmoidal,  it  is  sensitive  to  nucleotide  effectors  and  when  treated  with  p-hydroxymer- 
curibenzoate  its  regulatory  and  catalytic  functions  are  selectively  dissociated.  These  prop¬ 
erties  were  examined  in  the  various  members  of  the  Enterobacteriaceae .  Though  all  members 
have  ATCases  which  resemble  the  E.  coli  enzyme,  certain  key  regulatory  differences  exist. 
It  was  possible  to  use  these  differences  to  assign  each  member  to  a  particular  group.  Five 
such  groups  were  found  and  they  corresponded  to  the  previously  assigned  5  tribes  of  the 
family  Enterobacteriaceae .  Thus  the  regulatory  character  of  ATCase  appears  to  be  conserved 
in  a  highly  specific  manner  within  the  5  different  tribes  of  physiologically  related  bacteria. 

INTRODUCTION 

Many  techniques  are  being  employed  today  to  clarify  the  relationships  between 
bacterial  species  in  order  to  establish  the  phylogenetic  organization  within  fam¬ 
ilies  of  bacteria.  The  family  Enterobacteriaceae  is  of  particular  interest  because 
it  is  composed  of  a  large  number  of  interrelated  bacteria  which  comprise  a  con¬ 
tinuum  such  that  taxonomy  of  the  family  is  very  difficult.  The  subdivision  of 
the  Enterobacteriaceae  has  been  carried  further  than  other  bacterial  families 
because  of  the  diagnostic  and  epidemiological  interest  of  its  members.  Ideally, 
taxonomic  classification  should  be  based  on  phylogenetic  relationships,  and 
to  that  end  the  techniques  of  molecular  biology  are  being  used  currently  to  de¬ 
termine  relatedness,  at  the  molecular  level,  of  the  various  members  of  ihe.  Enter¬ 
obacteriaceae .  In  this  study  we  analyze  the  regulatory  and  catalytic  properties 
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of  a  key  enzyme,  aspartate  transcarbamylase  (ATCase;  EC  2. 1.3 .2.),  from  various 
members  of  the  enteric  bacteria.  Such  comparative  analyses  can  be  used  as  a 
tool  in  considering  evolutionary  relatedness. 

Evolutionary  theory  suggests  that  living  systems  were  very  simple  at  first,  re¬ 
quiring  only  a  few  macromolecules  to  function.  Gradually  these  systems  became 
more  complex  by  the  probable  acquisition  of  functionally  new  DNA.  Subsequent 
steps  in  evolution  involved  genetic  reorganization,  while  later  evolutionary  stages 
probably  involved  changes  in  regulation  of  gene  expression  (Kimura  and  Ohta, 
1974;  Marker!,  et  al,  1975;  Wilson,  et  al,  1974).  Indeed,  various  studies  with 
microorganisms  do  suggest  that  modes  of  regulation  of  particular  biochemical 
pathways  tend  to  be  strongly  conserved  among  various  species  (Cohen,  et  al, 
1969).  When  a  complex  metabolic  pathway  occurs  in  several  different  organisms, 
it  is  assumed  frequently  to  have  had  a  common  origin,  thus  allowing  the  path¬ 
way  to  serve  as  an  evolutionary  marker.  Moreover,  it  has  been  suggested  that  the 
comparison  of  control  systems  can  help  elucidate  the  evolutionary  significance 
of  the  presence  of  a  specific  biochemical  pathway  (Canovas,  et  al,  1967).  We  use 
the  enzyme  ATCase  in  these  studies  because  it  possesses  very  complex  regulatory- 
catalytic  interactions  which  appear  to  have  been  conserved  in  a  highly  specific 
manner. 

ATCase  catalyzes  the  first  reaction  unique  to  the  pyrimidine  biosynthetic 
pathway,  the  transfer  of  the  carbamyl  group  from  carbamyl  phosphate  to  aspart¬ 
ate,  yielding  carbamyl  aspartate  and  inorganic  phosphate.  Carbamyl  phosphate 
serves  as  substrate  for  arginine  biosynthesis  in  addition  to  pyrimidine  biosynthesis 
(Fig.  1)  and  its  fate  depends  on  the  disposition  of  the  2  transcarbamylating  en¬ 
zymes  in  the  cell,  ATCase  and  ornithine  transcarbamylase  (OTCase;  EC  2. 1.3 .3.). 
Since,  however,  the  activity  of  ATCase  is  tightly  regulated  (feedback  inhibition 
by  CTP  and  activation  by  ATP)  while  OTCase  activity  is  not  regulated,  then 
ATCase  plays  the  major  role  in  modulating  the  distribution  of  carbamyl  phosphate 
among  the  2  schemes  (Fig.  1). 
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Figure  1.  Involvement  of  carbamyl  phosphate  in  the  pyrimidine  and  arginine  biosynthetic 
pathways  of  the  Enterobacteriaceae .  Carbamyl  phosphate  serves  as  a  substrate 
for  the  enzymes  aspartate  transcarbamylase  (ATCase)  and  ornithine  transcar¬ 
bamylase  (OTCase). 


ASPARTATE  TRANSCARBAMYLASE 


57 


ATCase  from  Escherichia  coli  has  been  studied  extensively  (for  review  see 
Gerhart,  1970).  The  properties  of  the  E.  coli  enzyme  are  well  known  and  need 
not  be  discussed  in  detail  here.  However,  those  properties  which  are  relevant  to 
our  study  are  briefly  summarized. 

As  can  be  seen  schematically  in  Fig.  2  native  ATCase  is  composed  of  2  kinds 
of  protein  subunits,  one  responsible  for  all  of  the  catalytic  activity  and  accord¬ 
ingly  designated  the  catalytic  subunit’,  the  other  is  responsible  for  the  affinity 
for  the  feedback  inhibitor  (and  activator)  and  is  designated  the  regulatory  subunit 
(Gerhart  and  Schachman,  1965).  The  native  enzyme  shows  sigmoidal  dependence 


6  catalytic  polypeptide  chains 


6  regulatory  polypeptide  chains 
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Figure  2.  The  subunit  composition  of  native  ATCase. 

on  both  aspartate  and  carbamyl  phosphate  concentrations  when  velocity  is  plot¬ 
ted  as  a  function  of  substrate  concentration.  The  Km  for  aspartate  is  5.5  mM  and 
for  carbamyl  phosphate  is  0.2  xnM  (Gerhart,  1970).  After  treatment  of  the  native 
ATCase  with  /7-hydroxymercuribenzoate  (pHMB)  or  other  mercurials  such  as 
neohydrin,  2  classes  of  protein  subunits  are  found.  The  larger  or  catalytic  subunit 
possesses  all  of  the  catalytic  activity  of  the  native  enzyme  together  with  the  active 
sites  for  the  substrates,  aspartate  and  carbamyl  phosphate.  This  subunit  is  insen¬ 
sitive  to  CTP,  the  feedback  inhibitor,  and  to  ATP,  the  activator.  When  velocity- 
substrate  plots  are  made  using  the  catalytic  subunit  alone,  a  sigmoid  response  is 
not  seen;  instead,  non-cooperative  Michaelis-Menten  kinetics  are  observed  with 
both  substrates.  The  second  kind  of  protein  subunit  in  native  ATCase,  isolated 
after  treatment  with  pHMB,  has  no  catalytic  activity  but  it  binds  CTP  (and  ATP) 
and  thus  must  contain  all  6  regulatory  sites  found  in  the  native  enzyme  (Gerhart, 
1970). 


58 


GULF  COAST  MOLEC.  BIOL.  CONF. 


The  dissociation  of  native  ATCase  by  mercurials  is  readily  reversed  by  the  ad¬ 
dition  of  the  sulfhydryl  compound,  mercaptoethanol  (Gerhart  and  Schachman, 
1965).  The  reconstituted  enzyme  is  similar  to  the  native  enzyme  from  which  it 
was  dissociated,  in  molecular  size,  in  sensitivity  to  CTP  and  in  catalytic  properties. 
This  indicates  that  the  native  enzyme  can  aggregate  spontaneously  from  its  sub¬ 
units.  Table  1  provides  a  summary  of  the  properties  of  native  ATCase  and  its 
catalytic  and  regulatory  subunits. 


TABLE 

Properties  of  Native  ATCase  and  Its  Catalytic  and  Regulatory  Subunits  from  E.  coli 

(2C3)  (3R2)  mercurials,  ^^3  ^^2 

Property  Native  enzyme  mercaptoethanol  2(Catalytic)  +  3(Regulator>^ 


Subunit  structure 

6C  +  6R 

2(3C)  =  6C 

+  3(2R)  =  6R 

Molecular  weight  (Mw) 

310,000 

2(100,000) 

+  3(34,000) 

Mw  of  each  polypqDtide  chain 

34,000 

17,000 

Total  no.  of  polypeptide  chains 

12 

2(3)  =  6 

3(2)  =  6 

Shape  of  saturation  curve 

Sigmoidal 

Hyperbolic 

Binding  of  substrates 

-H 

+ 

- 

Binding  of  effectors 

+ 

- 

+ 

^Modified  from  O’Donovan  and  Neuhard  (1970). 

One  further  general  characteristic  of  ATCase  enzymes  seems  pertinent.  In  their 
comparative  study  on  ATCases,  Bethell  and  Jones  (1969)  conveniently  divided 
the  various  ATCases  into  3  molecular  weight  categories.  Those  ATCases  from 
organisms  such  as  Pseudomonas  fluorescens  with  enzymes  of  molecular  weight 
approximately  360,000  were  designated  Class  A  ATCases.  ATCases  from£’.  coli 
and  other  similar  organisms  with  a  molecular  weight  of  approximately  300,000 
were  designated  Class  B  ATCases.  The  ATCases  ixom  Bacillus  subtilis,  Staphylo¬ 
coccus  aureus  and  the  catalytic  subunit  of  E.  coli  have  a  molecular  weight  of 
100,000  and  are  designated  Class  C  enzymes.  This  study,  however,  deals  exclu¬ 
sively  with  the  Class  B  ATCases. 

MATERIALS  AND  METHODS 
Bacterial  Strains 

The  following  bacteria  were  used  in  this  study:  Aeromonas  hydrophila,  Citro- 
bacter  diversus,  C.  freundii,  Enterobacter  aerogenes,  E.  liquefaciens,  Erwinia  car- 
negiana,  E.  herbicola,  Escherichia  coli  K12,  Proteus  vulgaris.  Salmonella  typh- 
imurium  UTl,  Serratia  marcescens,  Shigella  flexneri  and  Yersinia  enterocolitica. 
Bacteria  were  grown  in  the  M-56  medium  described  by  Gerhart  and  Holoubek 
(1967).  However,  in  the  case  of  A.  hydrophila,  P.  vulgaris,  S.  flexneri  and  Y. 
enterocolitica,  the  M-56  medium  was  unable  to  satisfy  the  growth  requirement 
so  that  brain-heart  infusion  medium  was  used. 
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Preparation  of  Cell  Extracts 

Cells  were  harvested  at  0  C  by  centrifugation  for  10  min  at  16,000  x  g.  CeU 
pellets  prepared  from  1  6  of  harvested  culture  were  washed  with  100  ml  of  40 
mM  potassium  phosphate,  pH  7.0.  Washed  cells  were  re -centrifuged  and  then 
stored  by  freezing. 

After  thawing,  each  pellet  was  resuspended  in  40  mM  potassium  phosphate, 
pH  7.0,  containing  0.1  mM  zinc  acetate  and  1  mM  dithiothreitol,  using  2-3  vol¬ 
umes  of  buffer/g  wet  weight  of  cells,  giving  a  final  volume  of  about  10  ml.  Re¬ 
suspended  cells  were  disrupted  by  sonic  oscillation  with  a  Branson  Sonifier  Cell 
Disrupter  Model  W185  (Ultrasonics,  Inc.,  Plainview  N.Y.).  Three  30-s  bursts  at 
a  setting  of  75-85  W  gave  90-95%  breakage.  Samples  were  cooled  in  an  ice  bath 
between  bursts  to  maintain  the  temperature  below  25  C. 

The  sample  was  centrifuged  at  12,000  x  g  for  10  min  at  0  C.  The  supernatant 
was  collected  and  centrifuged  at  35,000  x  g  for  1  hr  at  0  C  and  the  resulting  cell 
extract  was  then  used  either  for  molecular  weight  determination  or  was  passed 
through  a  Sephadex  G-25  Column  and  used  for  effector  response  and  substrate 
saturation  studies. 

Enzyme  Assays 

ATCase  activity  was  assayed  by  the  method  of  Gerhart  and  Pardee  (1962) 
with  color  development  by  the  procedure  of  Prescott  and  Jones  (1969). 

The  method  of  Lowry,  et  al,  (1951)  was  used  to  estimate  total  protein. 

RESULTS  AND  DISCUSSION 

Members  of  the  Enterobacteriaceae  examined  in  this  study  possess  an  ATCase 
enzyme  with  a  molecular  weight  of  approximately  300,000.  This  suggests  that 
these  enzymes  have  the  same  basic  subunit  composition  as  the  E.  coli  enzyme 
seen  in  Fig.  2.  All  have  therefore  Class  B  ATCases. 

The  substrate  requirements  for  the  ATCase  enzymes  found  here  may  be 
grouped  into  3  different  ranges  of  enzyme  affinity  for  aspartate.  [S]  0.5  values 
for  aspartate  for  each  ATCase  enzyme  are  calculated  by  determining  the  substrate 
concentration  at  which  the  reaction  velocity  is  half  of  the  velocity  at  saturating 
levels  of  substrate  from  a  velocity -substrate  plot.  Atkinson  (1977)  has  suggested 
the  use  of  [S]  0.5  instead  of  Km.  The  [S]  0.5  value  obtained  for  the  E.  coli  en¬ 
zyme  is  5.0  mM  aspartate.  The  organisms  E.  carnegiana,  E.  herbicola,  E.  coli,  E. 
aerogenes,  C.  diversus,  C.  freundii,  Y.  enterocolitica,  S.  flexneri  and  S.  typhimur- 
ium  have  ATCases  with  [SJo.s  values  between  2.5  and  7.5  mM  aspartate  thus 
forming  a  cluster  of  organisms  whose  ATCases  have  the  highest  affinity  for 
aspartate.  The  ATCase  enzymes  from  Serratia  marcescens,  Enterobacter  lique- 
faciens  and  Aeromonas  hydrophila  have  ATCases  with  [S]o.5  values  ranging  from 
17-20  mM  aspartate.  P.  vulgaris  appears  to  have  the  lowest  affinity  of  all  enteric 
ATCases  with  an  [S]  0  .s  of  33  mM  aspartate. 
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Some  differences  exist  from  experiment  to  experiment.  For  example,  Coleman 
and  Jones  (1971)  report  that  the  apparent  for  aspartate  of  the  enzyme  from 
C.  freundii  is  22  mM.  An  [S]  0.5  value  of  7.5  mM  aspartate  was  obtained  for  the 
C  freundii  used  in  our  study  and  a  similar  [S]  0.5  value  (5.5  mM  aspartate)  was 
obtained  for  the  ATCase  enzyme  from  C.  diversus.  Likewise  Wild,  et  aL,  (1976) 
report  a  much  higher  [S]  0.5  value  for  the  purified  ATCase  from  S.  marcescens 
HY  (65  mM  aspartate)  than  found  in  our  study  for  S.  marcescens  Nima  (19.5 
mM  aspartate).  The  findings  of  Wild,  et  al.,  (1976)  are  readily  explained  however 
by  the  fact  that  the  S.  marcescens  HY  enzyme  exhibited  substrate  activation 
which  was  not  observed  for  the  S.  marcescens  Nima  in  the  present  study.  Atkinson 
(1977)  has  pointed  out  that  the  physiological  steady  state  levels  of  metabolites 
usually  approximate  the  [S]o.5  values  of  the  enzymes  for  which  they  serve  as 
substrates  and  that  actually  these  physiological  concentrations  are  usually  some¬ 
what  lower  than  the  [S]  0.5  values.  Therefore  the  3  ranges  of  [S]  0 .5  values  may 
also  reflect  different  physiological  steady  state  concentrations  of  aspartate  among 
the  enteric  organisms  examined.  All  native  ATCases  examined  in  this  study  showed 
sigmoidal  dependence  on  aspartate  concentration  when  velocity  is  plotted  as  a 
function  of  substrate  concentration. 

One  further  characteristic  of  the  enteric  ATCases  was  examined.  This  was  their 
response  to  the  nucleotide  effectors,  CTP  and  ATP.  One  group  of  organisms  which 
includes  E.  coli,  S.  typhimurium,  C.  freundii,  C.  diversus,  E.  aerogenes  and  S. 
flexneri  all  show  activation  by  ATP  and  feedback  inhibition  by  CTP.  In  the  2nd 
group  of  organisms,  which  includes  A.  hydrophila,  E.  liquefaciens,  P.  vulgaris 
and  S.  marcescens,  CTP  and  ATP  cause  activation.  Wedler  and  Gasser  (1974) 
have  suggested  that  even  though  ATP  and  CTP  compete  for  binding  at  the  same 
site,  they  act  by  separate  mechanisms  instead  of  simply  perturbing  the  equilibrium 
for  aspartate  in  opposite  directions.  They  suggest  that  ATP  affects  the  rate  of 
aspartate  association  and  dissociation  directly,  while  CTP  induces  an  intramole¬ 
cular  alteration  in  the  R-C  domain  of  bonding.  Since  the  [S]o.5  values  for  as¬ 
partate  of  the  2nd  group  are  high  (17-20  mM  aspartate)  it  seems  likely  that  the 
dual  activation  by  CTP  and  ATP  might  be  required  to  enhance  the  enzymes’  pro¬ 
duction  of  pyrimidine  nucleotides  at  low  aspartate  levels.  The  3rd  group  of  organ¬ 
isms  which  contains  E.  carnegiana  and  E.  herbicola  is  not  affected  by  ATP  but 
has  marginal  inhibition  by  CTP.  This  suggests  that  the  enzyme  has  lost  or  has 
never  possessed  sensitivity  to  ATP  and  is  only  sensitive  to  extremely  high  levels 
of  CTP.  Y.  enterocolitica  does  not  appear  to  be  affected  by  either  CTP  or  ATP. 
It  is  difficult  to  envision  why  an  ATCase  enzyme  with  such  a  complex  subunit 
composition  would  be  unregulated  by  nucleotides. 

These  composite  studies  suggest  that  the  Enterobacteriaceae  can  be  placed 
into  5  groups  as  shown  in  Table  2.  Indeed  these  5  groups  compare  favorably  with 
similar  subdivisions  of  other  workers  who  examined  genetic  and  physiological 
relatedness.  When  compared  with  Cowan’s  (1974)  scheme,  the  5  groups  correspond 
closely  to  the  5  tribes  of  the  Enterobacteriaceae .  These  are  denoted  on  the  ex¬ 
treme  left  in  Table  2. 
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TABLE  2 


Proposed  Groups  for  Members  of  the,  Enterobacteriaceae 


Organisms 

ATCase  Characteristics 

TRIBE  I 
(Escherichieae) 

Citrobacter  diversus 
Citrobacter  freundii 
Enterobacter  aerogenes 
Escherichia  coli 

Salmonella  typhimurium 

ATP-ACTIVATION 

CTP-INHIBITION 

[S]  0.5  =  5-7.5  mM  ASPARTATE 

TRIBE  II 
(Klebsielleae) 

Aeromonas  hydrophila 
Enterobacter  liquefaciens 
Serratia  marcescens 

ATP-ACTIVATION 

CTP-ACTIVATION 

[Slo.s  =  17-20  mM  ASPARTATE 

TRIBE  III 
{Proteae) 

Proteus  vulgaris 

ATP-ACTIVATION 
CTP-ACTIVATION 
[Slo.s  =  33  mM  ASPARTATE 

TRIBE  IV 
( Yersinieae) 

Yersinia  enterocolitica 

ATP-NO  EFFECT 

CTP-NO  EFFECT 

[S]  0.5  =  4  mM  ASPARTATE 

TRIBE  V 
(Erwinieae) 

Erwinia  carnegiana 

Erwinia  herbicola 

ATP-NO  EFFECT 

CTP-30-40%  INHIBITION 
[S]  0.5  =  3  mM  ASPARTATE 

Gerhart  and  Pardee  (1962)  have  made  a  number  of  cogent  suggestions  con¬ 
cerning  the  evolution  of  the  contemporary  ATCase.  Ancestral  ATCase  probably 
only  catalyzed  the  reaction  having  no  sites  for  effectors  and  thus  being  uncon¬ 
trolled.  Later,  by  mutations  and  natural  selection  for  an  organism  making  the 
most  efficient  use  of  nutrients,  ATCase  could  have  gained  a  site  for  the  binding 
of  its  end  product  in  such  a  way  as  to  diminish  binding  of  the  substrates.  Based 
on  these  ideas  and  from  the  findings  in  our  study  the  following  evolutionary 
scheme  is  suggested  for  contemporary  ATCase.  Ancestral  ATCase  was  composed 
of  one  catalytic  polypeptide  chain.  Early  stages  in  the  development  involved 
establishment  of  C-C  domains  of  bonding  which  produced  an  intermediate  form 
of  the  enzyme  composed  of  3  catalytic  polypeptide  chains  (C3).  This  intermediate 
was  the  prototype  for  Class  C  enzymes.  Class  A  enzymes  are  difficult  to  assess 
especially  since  their  regulatory  and  catalytic  interactions  cannot  be  selectively 
dissociated.  The  2nd  stage  in  the  development  of  the  Class  B  enzyme  (i.e.  con¬ 
temporary  ATCase)  is  proposed  to  be  the  establishment  of  R-C  domains  of  bond¬ 
ing  between  subunits  which  result  in  the  complex  enzyme.  Divergent  specialization 
finally  produced  the  various  types  of  Class  B  enzyme  as  proposed  in  our  study. 
These  proposals  are  depicted  in  Fig.  3. 
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further  divergence  f  (C3)2(R2^3 
Class  B 
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no  purine  effect 


no  pyrimidine  effect 
no  purine  effect 


pyrimidine  effect 
purine  effect 

Figure  3.  Proposed  evolutionary  scheme  for  contemporary  bacterial  ATCase. 

These  preliminary  studies  with  ATCase  from  the  Enterobacteriaceae  strongly 
suggest  that  the  enzyme  is  extremely  useful  as  an  evolutionary  tool.  Hybridiza¬ 
tion  studies,  using  the  catalytic  subunit  from  one  organism  with  the  regulatory 
subunit  from  another  will  be  the  next  step  in  this  study.  Such  hybridization  have 
been  successful  with  subunits  from  the  E.  coli  and  S.  typhimurium  enzymes 
(O’Donovan,  er  fl'/.,  1972). 

ACKNOWLEDGEMENTS 

This  work  was  supported  by  grants  from  the  Robert  A.  Welch  Foundation, 
Houston,  Texas  and  NATO  International  Collaborative  Fund. 


LITERATURE  CITED 


Atkinson,  D.  E.,  \911  -Cellular  Energy  Metabolism  and  its  Regulation.  Academic  Press, 
New  York. 


ASPARTATE  TRANSCARB AMYLASE 


63 


Bethell,  M.  R.,  and  M.  E.  Jones,  1969 -Molecular  size  and  feedback -regulation  characteristics 
of  bacterial  aspartate  transcarbamylase.  ylrc/z.  Biochem.  Biophys.  134:352. 

Canovas,  J.  L.,  L.  N.  Ornston,and  R.  Y.Stanier,  1967 -Evolutionary  significance  of  metabolic 
control  systems.  S'cL,  156:1695. 

Cohen,  G.  N.,  R.  Y.  Stainer,  and  G.  Le  Bras,  1969— Regulation  of  the  biosynthesis  of  amino 
acids  of  the  aspartate  family  in  coliform  bacteria  and  pseudomonads./.  Bacteriol,  99:791. 

Coleman,  M.  S.  and  M.  E.  Jones,  1971— Aspartate  transcarbamylases  of  Citrobacter  freundii. 
Biochem.,  10:3390. 

Cowan,  S.  T.,  1974-Family  I.  Enterobacteriaceae.  In  R.  E.  Buchanan  and  N.  E.  Gibbons 
(Eds.),  Bergey’s  Manual  of  Determinative  Bacteriology,  8th  ed.  The  Williams  &  Wilkins 
Co.,  Baltimore,  pp.  290-340. 

Gerhart,  J.  C.,  1970-A  Discussion  of  the  regulatory  properties  of  aspartate  transcarbamy- 
\2i%Q  hom  Escherichia  coll  Curr.  Top.  Cell  Regul,  2:275. 

- ,  and  H.  Holoubek,  1967 -The  purification  of  aspartate  transcarbamylase  of  Es¬ 
cherichia  coli  and  separation  of  its  protein  subunits.  J.  Biol.  Chem.,  242:2886. 

- ,  and  A.  B.  Pardee,  1962— The  enzymology  of  control  by  feedback  inhibition./. 

Biol  Chem.,  237:891. 

- ,  and  H.  K.  Schachman,  1965— Distinct  subunits  for  the  regulation  and  catalytic 

activity  of  aspartate  transcarbamylase.  Biochem.,  4:1054. 

Kimura,  M.,  and  T.  Ohta,  1974-On  some  principles  governing  molecular  evolution.  Proc. 
Nat.  Acad.  Scl,  71:2848. 

Lowry,  O.  H.,  N.  J.  Rosebrough,  A.  L.  Farr,  and  R.  J.  Randall,  1951— Protein  measurement 
with  the  folin  phenol  reagent./.  Biol  Chem.,  193:265. 

Marker!,  C.  L.,  J.  B.  Shaklee,  and  G.  S.  Whitt,  1975 -Evolution  of  a  gene.  Scl,  189:102. 

O’Donovan,  G.  A.,  H.  Holoubek,  and  J.  C.  Gerhart,  1972-Regulatory  properties  of  inter¬ 
generic  hybrids  of  aspartate  transcarbamylase.  Nat.  (London)  New  Biol,  238:264. 

- ,  and  J.  Neuhard,  1970— Pyrimidine  metabolism  in  microorganisms.  Bacteriol 

Rev.,  34:278. 

Prescott,  L.  M.,  and  M.  E.  Jones,  1969-Modified  methods  for  the  determination  of  carbamyl 
aspartate. /ln^7/yr.  Bioehem.,  32:408. 

Wedler,  F.  C.,  and  F.  J.  Gasser,  1974— Modes  of  modifier  action  in  E.  coli  aspartate  trans¬ 
carbamylase.  Biochem.  Biophys.,  163:69. 

WOd,  J.  R,,  W.  L.  Belser,  and  G.  A.  O’Donovan,  1976— Unique  aspects  of  the  regulation  of 
the  aspartate  transcarbamylase  of  Serratia  marcescens.  J.  Bacteriol,  28:766. 

Wilson,  A.  C.,  V.  M.  Sarich,  and  L.  R.  Maxson,  1974— The  importance  of  gene  rearrangement 
in  evolution:  Evidence  from  studies  on  rates  of  chromosomal,  protein,  and  anatomical 
evolution.  Prac.  Nat.  Acad.  Scl,  71:3028. 


T.,. 


CHARACTERIZATION  OF  POLY(ADP-RIBOSE)  SYNTHESIS  IN 
PERMEABLE  3T3  CELLS 


by  VIKTORYA  LEVI  and  MYRON  K.  JACOBSON 

Departments  of  Chemistry  and  Biochemistry 
North  Texas  State  University/ 

Texas  College  of  Osteopathic  Medicine 
Denton  76203 

ABSTRACT 


The  synthesis  of  poly(ADP-ribose)  has  been  characterized  in  normal  and  SV40-trans- 
formed  3T3  mouse  fibroblasts  which  have  been  rendered  permeable  to  the  substrate,  NAD. 
Synthesis  is  Unear  for  at  least  50  min  under  these  conditions  and  the  product  is  stable.  Treat¬ 
ment  of  ceUs  with  the  carcinogen  N-methyl-N -nitro-N-nitrosoguanidine  prior  to  permea- 
biUzation  or  addition  of  DNase  1  to  the  reaction  mixture  results  in  a  marked  stimulation  of 
the  rate  of  poly(ADP-ribose)  synthesis.  When  confluent  normal  cells  are  subcultured,  the 
rate  of  synthesis  decreases  during  logarithmic  growth  and  then  increases  tenfold  as  the  cells 
enter  density-dependent  inhibition  of  growth.  The  rate  of  synthesis  in  transformed  ceUs  is 
similar  to  that  of  logarithmicaUy  dividing  normal  cells.  The  maximal  rate  of  poly(ADP-ribose) 
synthesis  measured  in  the  presence  of  a  saturating  amount  of  DNase  1  remains  essentially 
constant  as  a  function  of  growth  in  both  normal  and  transformed  cells,  but  is  twice  as  high 
in  normal  cells. 


INTRODUCTION 

The  nuclear  enzyme,  poly(ADP-ribose)  polymerase,  catalyzes  the  successive 
transfer  of  ADP-ribosyl  moieties  from  NAD  to  histones  and  other  proteins 
associated  with  chromatin  (Fujimura,  et  ai,  1967;  Nishizuka,er  al,  1967;  Shall, 
1972).  The  enzyme  has  an  absolute  requirement  for  DNA  for  activity  (Nishizuka, 
et  al,  1969).  Although  the  physiological  function  of  this  polymerase  is  yet  un¬ 
known,  its  involvement  in  the  control  of  DNA  replication  (Burzio  and  Koide, 
1970,  1971)  and/or  DNA  repair  (Miller,  1975;  Smulson,  et  al,  1977)  has  been 
suggested. 

Most  studies  of  the  rates  of  poly(ADP-ribose)  synthesis  have  been  conducted 
with  isolated  nuclei  or  chromatin  since  the  substrate,  NAD,  cannot  permeate 
intact  cells.  Synthesis  of  poly(ADP-ribose)  has  been  examined  as  a  function  of 
growth  in  isolated  nuclei  of  mammalian  cells  grown  in  suspension  cultures  (Hilz 
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and  Kittler,  1971 ;  Stone  and  Shall,  1975)  and  as  monolayers  (Miwa,  et  ai,  1977). 
However,  high  rates  of  synthesis  found  in  nuclei  have  been  associated  with  the 
fragmentation  of  DNA  during  nuclear  isolation  procedures  (Halldorsson,  et  aL, 
1978).  Indeed,  several  reports  have  shown  that  the  synthesis  of  poly(ADP-ribose) 
is  stimulated  by  agents  which  are  known  to  cause  fragmentation  of  DNA  (Miller, 
1975,  1976).  We  have  examined  poly(ADP-ribose)  synthesis  in  cells  made  permeable 
to  NAD  by  a  cold  shock  procedure  designed  to  minimize  DNA  fragmentation. 
Synthesis  of  poly(ADP-ribose)  has  been  examined  in  permeabilized  mouse  L  cells 
as  a  function  of  growth  in  suspension  culture  (Berger,  et  aL,  1978a)  and  in  per¬ 
meabilized  monolayers  of  Chinese  Hamster  Ovary  cells  during  the  cell  cycle  (Berger, 
et  aL,  1978b).  To  our  knowledge,  this  is  the  first  report  which  investigates  the 
synthesis  of  poly(ADP-ribose)  as  a  function  of  growth  in  monolayer  cultures  of 
normal  and  SV40-transformed  3T3  cells  which  have  been  rendered  permeable 
to  NAD. 


MATERIALS  AND  METHODS 

Normal  and  SV40-transformed  Balb/c  3T3  mouse  embryo  fibroblasts  were 
grown  as  previously  described  (Jacobson  and  Jacobson,  1976).  Growth  media 
was  replaced  with  fresh  media  at  intervals  of  48  hr.  A  procedure  for  permeabili- 
zation  of  suspension  cell  cultures  (Berger,  et  aL,  1978a)  was  modified  and  applied 
to  monolayer  cultures  of  3T3  cells.  Dishes  of  cells  (100  mm)  were  chilled ,  media 
was  removed  and  the  cells  were  washed  twice  with  ice-cold  permeabilization  buffer 
containing  0.01  M  Tris-HCl  (pH  7.8),  0.25  M  sucrose,  1  mM  EDTA,  1.25  mM 
2-mercaptoethanol  and  2.5  mM  MgCl2.  The  cells  were  allowed  to  stand  on  ice 
for  15  min  in  15  ml  of  permeabilization  buffer.  The  buffer  was  discarded  and  the 
cells  were  scraped  from  the  dish  and  collected  by  centrifugation.  The  cell  pellet 
was  resuspended  in  permeabilization  buffer  at  2.5  x  10^  cells/ml.  On  microscopic 
examination,  the  cells  appeared  swollen  but  morphologically  intact.  More  than 
95%  of  the  cells  were  permeable  to  Trypan  Blue. 

The  standard  incubation  mixture  (1  ml)  for  poly(ADP-ribose)  synthesis  con¬ 
tained  40  mM  Tris-HCl  (pH  7.8),  0.6  mM  EDTA,  1  mM  2-mercaptoethanol, 
0.16  M  sucrose,  30  mM  MgCl2  ,  1  mM  [ade-^'^C]  NAD  (1  /iCi)  and  about  2  x  lO'^ 
permeable  cells.  Incubations  were  at  25  C  and  reactions  were  terminated  as  de¬ 
scribed  previously  (Levi,  et  aL,  1978).  Radioactivity  of  the  acid-insoluble  samples 
was  determined  by  scintillation  counting. 

RESULTS  AND  DISCUSSION 

Synthesis  of  poly(ADP-ribose)  has  been  characterized  in  3T3  cells  rendered 
permeable  to  NAD  by  a  cold  shock  with  a  near  isotonic  buffer.  These  cells,  when 
incubated  with  1  mM  [ade-^  "^C]  NAD,  synthesize  an  acid -insoluble  product. 
Synthesis  is  proportional  to  the  number  of  cells  in  the  reaction  between  1  x  10^ 


POLY(ADP-RIBOSE) 


67 


and  1  X  10®  cells/ml.  The  optimum  concentration  is  30  mM.  The  incorpo¬ 
ration  of  ADP-ribose  into  acid -insoluble  product  under  optimal  conditions 
is  linear  for  at  least  50  min  (Fig.  1)  and  the  product  is  quite  stable.  When  cells 
are  collected  by  centrifugation  and  incubated  with  1  mM  unlabeled  NAD  for  30 
min,  only  10%  of  the  product  is  degraded.  To  confirm  that  [ade-^  "^ClNAD  was 


Figure  1.  Poly(ADP-ribose)  synthesis  in  permeable  3T3  cells  (0-0).  Synthesis  in  the  pres¬ 
ence  of  1  mg/ml  DNase  I  is  shown  by  (•-•).  Synthesisis  expressed  as  nanomoles 
of  [  ADP-ribose  incorporated/mg  DNA. 

actually  being  incorporated  into  poly  (ADP-ribose),  the  product  synthesized  by 
the  permeable  3T3  cells  was  examined  for  its  susceptibility  to  nucleases.  The 
product  was  not  degraded  by  DNase  I  or  RNase;  however,  99%  of  the  labeled 
material  was  degraded  by  snake  venom  phosphodiesterase  yielding  AMP  and 
2 -(5 -phosphoribosyl)-5 -AMP  as  the  degradation  products,  confirming  that  the 
material  synthesized  was  poly(ADP-ribose).  Poly(ADP-ribose)  synthesis  was  also 
identified  by  known  inhibitors  of  poly(ADP-ribose)  polymerase  (Levi,  et  al., 
1978).  At  equimolar  concentrations  to  NAD  (1  mM),  poly(ADP-ribose)  synthesis 
was  inhibited  78%  by  thymidine,  77%  by  nicotinamide,  34%  by  caffeine,  and  76% 
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by  theophylline.  Addition  of  DNase  I  to  the  incubation  mixture  resulted  in  a 
marked  increase  in  the  rate  of  poly(ADP-ribose)  synthesis  (Fig.  1).  The  DNase  I 
concentration  causing  maximum  stimulation  was  determined  to  be  1  mg/ml. 

The  data  of  Fig.  2  show  that  treatment  of  cells  in  vivo  with  N-methyl-N- 
nitro-N-nitrosoguanidine  (MNNG)  for  30  min  prior  to  permeabilization  resulted 
in  a  dose  dependent  tenfold  increase  in  the  rate  of  poly(ADP-ribose)  synthesis. 
The  rate  of  synthesis  measured  in  the  presence  of  saturating  levels  of  DNase  I  was 
constant  in  control  or  MNNG-treated  cells. 


Figure  2.  Effect  of  in  vivo  treatment  of  3T3  cells  with  N-methyl-N^nitro-N-nitroso- 
guanidine  on  poly(ADP-ribose)  synthesis  (•-•).  Synthesis  is  expressed  as 
nanomoles  of  [  ^  “^C]  ADP-ribose  incorporated/mg  DNA/30  min.  The  (0-0) 
are  samples  in  which  1  mg/ml  DNase  I  was  added  to  the  incubation  mixtures. 

Poly(ADP-ribose)  synthesis  has  also  been  studied  in  NAD-permeable  normal 
and  transformed  3T3  cells  as  a  function  of  growth.  The  rates  of  poly(ADP-ribose) 
synthesis  in  normal  and  transformed  cells  as  a  function  of  cell  density  are  shown 
in  Fig.  3.  The  rate  of  synthesis  was  high  in  confluent  3T3  cells,  but  decreased  as 
the  cells  passed  from  high  density  to  logarithmic  growth.  As  the  cells  entered 
density-dependent  inhibition  of  growth,  the  rate  of  synthesis  increased  tenfold. 
In  transformed  cells,  the  rate  of  synthesis  was  very  similar  to  that  of  logarithmically 
dividing  normal  cells.  However,  at  cell  densities  above  that  where  normal  cells 
exhibit  density-dependent  inhibition  of  growth,  the  rate  of  synthesis  in  transformed 
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cells  remained  constant.  The  maximum  rate  of  poly(ADP-ribose)  synthesis  re¬ 
mained  essentially  constant  as  a  function  of  growth  both  in  normal  and  transformed 
cells,  but  was  twice  as  high  in  normal  cells. 


LOO  (CELLS/CM*) 


Figure  3.  Poly(ADP-ribose)  synthesis  in  3T3  cells  as  a  function  of  growth.  Synthesis 
is  expressed  as  nanomoles  of  ADP-ribose  incorporated/mg  DNA/30min. 
Normal  3T3  cells,  (^-^);SV40-transformed  3T3  cells,  (•-•).  Maximal  rates  of 
synthesis  in  3T3  cells,  maximal  rate  of  synthesis  in  SV40-transformed 

3T3  ceUs,  (0-0). 


CONCLUSIONS 

The  rate  of  synthesis  of  poly(ADP-ribose)  in  permeable  3T3  cells  has  been 
studied  under  optimal  assay  conditions.  The  synthesis  of  the  polymer  is  linear 
for  at  least  50  min.  Treatment  of  permeable  cells  with  DNase  I  in  vitro  or  treat¬ 
ment  of  cells  withMNNG  in  vivo  prior  to  permeabilization  stimulates  poly(ADP- 
ribose)  synthesis  several  fold.  Both  of  these  treatments  are  known  to  cause  DNA 
fragmentation.  This  suggests  that  poly  (ADP-ribose)  synthesis  may  play  a  role  in 
the  repair  of  damage  to  cellular  DNA. 
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The  rate  of  poly(ADP-ribose)  synthesis  in  3T3  cells  varies  with  cell  density. 
The  rates  of  synthesis  are  similar  in  logarithmically  dividing  normal  and  trans¬ 
formed  cells.  The  observation  that  the  rates  of  synthesis  increase  tenfold  as  cells 
enter  density  dependent  inhibition  of  growth  suggests  that  poly(ADP-ribose) 
metabolism  may  be  involved  in  growth  regulation.  This  increase  does  not  occur 
in  transformed  cells  which  do  not  show  normal  growth  regulation.  Maximal 
enzyme  activity  is  constant  as  a  function  of  growth  in  both  normal  and  trans¬ 
formed  3T3  cells.  This  suggests  that  the  total  amount  of  enzyme  in  both  cell 
types  is  constant  as  a  function  of  growth  phase.  The  maximal  enzyme  activity 
in  normal  cells,  however,  is  2  times  higher  than  the  maximal  enzyme  activity  in 
transformed  cells.  This  may  be  due  to  higher  levels  of  enzyme  or  chromosomal 
acceptors  associated  with  the  chromatin  of  normal  cells. 
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ABSTRACT 


A  strain  of  Aspergillus  nidulans  has  been  used  to  study  the  inactivation  and  mutagenic 
effect  of  ^^Co  7-rays  in  the  presence  of  oxygen  and  nitrogen.  Mutation  induction  was  studied 
by  the  methionine  system,  which  detects  forward  mutation  at  a  number  of  gene  loci  (at  least  6) 
simultaneously. 

The  results  demonstrate  the  existence  of  a  marked  differential  forward  mutational  response 
of  gene  loci  in  Aspergillus  conidia  that  is  dependent  upon  whether  7-irradiation  in  aqueous 
solution  was  carried  out  in  the  presence  of  oxygen  or  nitrogen.  This  effect  is  independent 
of  the  dose  of  radiation  exposure.  The  specificity  for  mutation  is  altered  by  the  presence 
of  the  self-inhibitor  of  germination  for  the  anoxic  treatment,  but  not  for  the  oxic  irradiation. 

The  implications  of  different  oer’s  (oxygen  enhancement  ratios)  for  mutation  induction 
in  different  classes  or  genes  for  the  mechanisms  and  type  of  damage  induced  by  the  2  radiation 
conditions  are  discussed. 

INTRODUCTION 

The  influence  of  anoxia  during  X-irradiation  on  the  induction  of  mutations 
in  linked  endosperm  factors  of  maize  has  been  studied  by  Konzak  (1957).  The 
induced  mutation  frequency  for  each  type  of  mutant  was  found  to  be  greater 
in  an  atmosphere  of  pure  air,  or  oxygen,  than  in  a  nitrogen  atmosphere.  In  addition, 
each  mutational  type,  corresponding  to  a  specific  chromosomal  region,  exhibited 
a  different  oxygen  enhancement  ratio  (oer).  An  influence  of  environmental  gas 
composition  on  response  of  gene  loci  to  X-irradiation  has  also  been  reported 
for  reverse  mutations  in  Escherichia  coli  (Anderson,  1951).  A  purine-dependent 
strain  and  a  streptomycin-dependent  strain  exhibited  similar  increases  in  mutation 
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frequency  for  induction  under  oxic  conditions,  but  not  in  a  nitrogen  environment, 
during  radiation  exposure. 

The  present  report  is  concerned  with  the  loss  of  ability  to  form  colonies  and 
with  mutation  induction  of  inhibitor-depleted  Aspergillus  conidia  irradiated 
with  ^^Co  7-rays  in  the  presence  of  oxygen  or  nitrogen.  The  mutational  system 
used  for  this  study  is  one  in  which  a  methionine-dependent  strain  of  Aspergillus 
(meth  Gl)  reverts  to  methionine  independence  by  forward  mutation  at  1  of  many 
independent  suppressor  gene  loci  (Lilly,  1965;  Scott  and  Alderson,  1971).  Reversion 
to  methionine  independence  of  the  meth  Gl  can  be  divided  into  3  main  classes 
(A,  B,  and  C)  which  are  phenotypically  distinguishable  from  one  another.  Pre¬ 
liminary  studies  (Alderson  and  Scott,  1971)  with  this  system  using  conidia  in 
which  inhibitory  substances  were  not  removed  showed  that  7-ray  mutability 
of  the  methionine  suppressor  classes  varied  according  to  the  class  examined  and 
the  gaseous  atmosphere  present  at  the  time  of  irradiation.  The  present  experiments 
show  that  when  the  inhibitory  substance(s)  are  removed  from  the  conidia,  this 
qualitative  variation  between  classes  for  each  treatment  is  only  unchanged  for  oxic 
irradiation.  The  responses  of  the  gene  loci  induced  in  inhibitor-depleted  conidia 
are  still  different  for  oxic  and  anoxic  7-irradiation  and  are  not  related  by  a 
common  factor. 

MATERIALS  AND  METHODS 
Preparation  of  Sample 

Conidia  from  a  single  colony  of  the  Gi/?/ A i (requiring  methionine  and 

biotin)  Glasgow  strain  of  A.  nidulans,  grown  for  5-6  days  on  complete  medium 
(Scott,  et  al. ,  1972)  at  37  C,  were  used  for  each  experiment.  Inhibitor-depleted 
conidial  suspensions  were  prepared  by  rotating  phosphate  buffer  suspensions 
containing  Tween  80  for  7  hr  in  medical  flats  (Scott,  et  al ,  1972). 

Gassing 

Oxygen  or  nitrogen  (Air  Products,  high  purity)  gas  was  saturated  with  water 
vapor  at  room  temperature  (approximately  20  C)  and  passed  through  an  open- 
ended  tube  emersed  in  the  suspension.  The  bubbling  was  continued  throughout 
the  period  of  irradiation  and  ensured  that  the  cell  suspension  was  well  stirred. 
The  effluent  gas  was  monitored  by  a  modified  Hersch  cell  (Dewey  and  Gray, 
196 1  ;Hersh,  1957).  In  order  to  reach  the  desired  concentration  of  20  ppm  or  less 
of  oxygen,  it  was  necessary  to  bubble  suspensions  with  nitrogen  for  15  min; 
accordingly,  this  period  was  adopted  as  a  standard  time  for  bubbling  with  either 
gas  prior  to  irradiation. 

Two  samples  were  gassed  at  the  same  time  in  each  experiment;  one  was  gassed 
and  irradiated  while  the  other,  in  the  same  room  but  adequately  shielded  from 
the  radiation,  acted  as  a  gassing  control. 
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Irradiation 

Tween  80  phosphate  buffer  (Scott,  et  al ,  1972)  conidial  suspensions  (10  ml  at 
2  X  10^  conidia/ml)  enclosed  in  Pyrex  glass  test  tubes  (internal  diameter  2.2  cm) 
were  bilaterally  irradiated  (at  approximately  20  C)  with  single  doses  of  Co  7-rays. 
The  dose  rate  in  water  at  the  center  of  the  tube  was  2.0  krad/min. 

Mutation  and  Viability  Plating 

Techniques  used  to  assess  the  conidial  viability  (Scott,  et  al ,  1972)  and  reveal 
mutagenic  effects  (Scott,  et  al,  1973)  were  as  previously  described.  However, 
Difco  purified  agar  replaced  Oxoid  No.  3  in  the  present  experiments.  Irradiated 
samples  of  the  conidia  were  plated  immediately  after  treatment  to  solid  medium, 
the  surface  of  which  had  been  dried  until  crinkled  to  prevent  uncontrolled  delayed 
plating  (liquid  holding)  effects.  The  methionine  revertants  observed  after  5-6 
days^  incubation  of  the  methionineless  plates  were  classified  as  A  (large  green 
colonies),  B  (heavily  pigmented  brown  colonies),  or  C  (small  green  colonies  with  a 
white  hyline  edge)  in  accordance  with  the  system  described  by  Lilly  (1965). 

Computation  of  Results 

The  induced -mutation  frequencies  are  given  as  Mj/Nr-Mo/No,  where  M  is  the 
number  of  mutants  detected  after  examining  N  colonies  in  the  unirradiated  pop¬ 
ulation  (o)  and  the  irradiated  population  (j-). 

In  calculating  the  standard  errors  of  the  results,  the  observed  numbers  of  viable 
colonies/plate  and  mutants/plate  had  been  assumed  to  follow  Poisson  distributions. 
When  necessary,  the  standard  error  has  been  increased  by  heterogenicity  factors 
to  allow  for  deviations  from  a  Poisson  distribution. 

RESULTS 

Inactivation  of  inhibitor-depleted  conidia  by  gassing  with  oxygen  or  nitrogen 
for  times  equivalent  to  the  duration  of  gassing  of  the  irradiated  condial  sample  is 
shown  in  Fig.  1 .  These  results  are  the  weighted  mean  values  of  at  least  2  separate 
experimental  observations  for  each  point.  No  change  in  viability  was  detected 
for  any  of  the  periods  of  gassing  with  oxygen.  However,  the  longer  the  period 
of  nitrogen  gassing,  the  greater  was  the  decline  in  survival  of  the  conidia. 

The  survival  of  conidia,  exposed  as  separate  samples  to  various  doses  of 
7-irradiation  in  the  presence  of  oxygen  or  nitrogen  (corrected),  are  listed  in 
Tables  1  and  2,  respectively.  It  may  be  noted  that,  in  duplicate  experiments,  no 
significant  difference  in  survival  was  detected  between  any  of  the  samples  exposed 
to  the  same  dose  of  radiation.  The  weighted  mean  values  of  these  duplicate 
experiments  are  shown  graphically  in  Fig.  1  as  the  effect  of  7 -irradiation  in  the 
presence  of  oxygen  and  nitrogen  (corrected  and  uncorrected)  on  the  colony¬ 
forming  ability  of  inhibitor-depleted  conidia  prepared  with  Tween  80. 
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Figure  1.  Inactivation  of  inhibitor-depleted  Aspergillus  conidia  by  gassing  with  oxygen  • 
or  nitrogen  ■  and  after  T-irradiation  in  the  presence  of  oxygen  Oor  nitrogen 
(corrected  0,  and  uncorrected  ^  for  inactivation  by  nitrogen  gassing). 


Tables  1  and  2  also  list  the  results  obtained  for  the  induction  of  the  A,  B,  and 
C  meth  G1  revertant  classes  in  the  presence  of  oxygen  or  nitrogen,  respectively. 
No  difference  in  the  ratio  of  frequencies  found  for  the  different  classes  of 
revertants  (considered  separately)  was  detected  in  replicate  samples  exposed  to 
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TABLE  1 


The  Inactivation  and  Genetic  Reversion  (by  Suppressor  Mutation)  of  Inhibitor-Depleted  Conidia  from  a 
methionine-dependent  {meth  Gl)  Strain  oi  Aspergillus  nidulans  after  Treatment  with  ^®Co  Trays  in  the 
Presence  of  Oxygen.fEach  Line  Represents  a  Separate  Experiment,  Using  the  Methionine  System.) 


Dose  krad 

Surviving  Fraction 
±  Standard  Error 

Number  of  Survivors 
Plated  on  15 
Mutant  PlatesxlO  ^ 

Number  of  Mutants  Observed 
on  15  Plates  (Spontaneous 
Mutations 

ABC 

Induced  Mutation  Frequency/10^ 
Survivors  ±  Standard  Error 
ABC 

2.06 

0.74  ±0.07 

3.2 

39(1) 

37(0) 

17(0) 

121  ±6 

119  ±6 

54  ±3 

2.06 

0.73  ±0.05 

3.3 

44(0) 

43(0) 

21(0) 

133  ±6 

130±6 

64  ±3 

Weighted  mean 

0.73  ±0.04 

127  ±4 

125  ±4 

59±5 

3.72 

0.67  ±0.07 

6.8 

106(2) 

108(2) 

54(0) 

155  ±8 

158  ±9 

81  ±4 

3.72 

0.63  ±0.03 

5.9 

99(2) 

100(0) 

48(0) 

166  ±10 

170  ±  10 

81  ±5 

Weighted  mean 

0.64  ±0.01 

159  ±6 

163  ±7 

81  ±3 

6.18 

0.53  ±0.03 

2.45 

67(0) 

69(5) 

34(0) 

276  ±70 

270  ±74 

138  ±39 

6.18 

0.57  ±0.06 

4.30 

78(1) 

79(2) 

35(0) 

250  ±59 

250  ±59 

114  ±27 

Weighted  mean 

0.54  ±0.03 

260  ±47 

254  ±46 

122  ±22 

7.44 

0.45  ±  0.06 

1.45 

51(1) 

52(0) 

25(0) 

343  ±  16 

357  ±  17 

171  ±8 

7.44 

0.48  ±0.03 

1.80 

64(4) 

62(1) 

30(0) 

335  ±  16 

341  ±  16 

168  ±8 

Weighted  mean 

0.47  ±  0.03 

339  ±  11 

349  ±  12 

170±6 

12.36 

0.27  ±0.02 

2.00 

92(1) 

91(1) 

46(0) 

467  ±71 

458  ±70 

222  ±34 

12.36 

0.28  ±0.01 

1.10 

61(0) 

64(0) 

29(0) 

559  ±76 

553  ±76 

283  ±39 

Weighted  mean 

0.28  ±0.01 

510±53 

502  ±52 

248  ±  26 

14.88 

0.14  ±0.01 

0.51 

65(1) 

70(2) 

36(0) 

1265  ±33 

1344  ±35 

712  ±18 

14.88 

0.19  ±0.01 

0.72 

115(2) 

113(1) 

51(0) 

1576  ±96 

1432  ± 100 

711  ±43 

Weighted  mean 

0.17  ±0.02 

1296  ±94 

1354  ±33 

712±  17 

18.54 

0.10  ±0.00 

0.50 

99(0) 

108(5) 

46(0) 

1958  ± 170 

2038  ± 180 

910  ±80 

18.54 

0.12  ±0.01 

0.50 

99(1) 

105(2) 

45(0) 

1919 ± 170 

2027  ± 170 

881  ±80 

Weighted  mean 

0.11  ±0.01 

1939  ± 120 

2027  ± 120 

896  ±75 

20.46 

0.13  ±0.01 

0.56 

116(0) 

116(0) 

54(0) 

2073  ±83 

2073  ±83 

965  ±  39 

20.46 

0.13  ±0.05 

0.48 

117(2) 

112(1) 

57(0) 

2428  ± 106 

2343  ± 102 

1203  ±53 

Weighted  mean 

0.13  ±0.03 

2073  ± 100 

2073  ± 100 

1044  ±112 

24.72 

0.066  ±0.005 

0.28 

99(0) 

106(6) 

52(0) 

3548  ± 135 

3584  ± 136 

1864  ±71 

24.72 

0.070  ±0.008 

0.26 

90(2) 

91(2) 

44(1) 

3381  ± 133 

3381  ± 133 

1652  ±65 

Weighted  mean 

0.067  ±  0.004 

3465  ± 100 

3483  ± 100 

1748  ± 105 

30.90 

0.032  ±0.002 

0.16 

64(0) 

69(2) 

32(0) 

3827  ±944 

4006  ±988 

2033  ±507 

30.90 

0.032  ±0.002 

0.14 

60(0) 

64(2) 

28(0) 

4301  ± 1162 

4444  ± 1200 

2007  ±542 

Weighted  mean 

0.032  ±0.001 

4015  ±737 

4183  ±763 

2021  ±370 

table  2 


The  Inactivation  and  Genetic  Reversion  of  Inhibitor-Depleted  Conidia  of  Aspergillus  nidulans  after  Treatment  with  *°Co 
Trays  in  the  Presence  of  Nitrogen.^Jiach  Line  Represents  a  Separate  Experiment,  Using  the  Methionine  System.) 


Surviving  Fraction 

Number  of  Survivors 

Number  of  Mutants  Observed 

±  Standard  Error 

Plated  on  15 

on  15  Plates  (Spontaneous 

Induced  Mutation  Frequency/10° 

Dose  krad 

(Corrected) 

MutantPlatesxlO  ® 

Mutations 

Survivors  ±  Standard  Error 

A 

B 

C 

A 

B 

C 

6.0 

0.86  ±  0.04 

5.2 

64(2) 

121(1) 

31(0) 

120  ±52 

232  ± 101 

60  ±26 

6.0 

0.97  ±0.07 

3.2 

31(0) 

57(0) 

16(0) 

97  ±54 

179  ±99 

50  ±28 

Weighted  mean 

0.88  ±0.03 

109  ±38 

204  ±73 

55  ±  19 

18.0 

0.52  ±0.03 

3.00 

78(1) 

155(0) 

40(0) 

261  ±59 

526  ± 119 

136  ±31 

18.0 

0.61  ±0.05 

1.90 

48(1) 

84(0) 

24(0) 

25  3  ±72 

452  ± 128 

129  ±  37 

Weighted  mean 

0.54  ±0.03 

258  ±46 

492  ±88 

133  ±24 

36.0 

0.29  ±0.04 

1.30 

79(2) 

158(2) 

39(0) 

600  ±  200 

1216  ±406 

304  ± 102 

36.0 

0.29  ±0.04 

0.76 

45(1) 

79(0) 

18(1) 

587  ±256 

1053  ±460 

227  ±99 

Weighted  mean 

0.29  ±0.03 

596  ± 183 

1144  ± 186 

263  ±73 

54.0 

0.13  ±0.01 

0.54 

59(4) 

114(2) 

29(0) 

1048  ± 132 

2133  ±269 

552  ±70 

54.0 

0.17  ±0.03 

0.35 

39(0) 

63(0) 

15(0) 

nil  ±  171 

1795  ±276 

427  ±66 

Weighted  mean 

0.14  ±0.01 

1071  ± 112 

1964  ±224 

487  ±49 

72.0 

0.072  ±0.005 

0.37 

48(1) 

95(1) 

24(0) 

1263  ±95 

2254  ± 192 

645  ±49 

72.0 

0.077  ±  0.006 

0.21 

22(1) 

51(0) 

10(0) 

1118  ±74 

2500 ± 180 

490  ±35 

Weighted  mean 

0.073  ±0.004 

1118  ±59 

2525  ±131 

542  ±73 

the  same  dose  of  radiation  and  gassing  condition.  The  weighted  mean  values  of 
the  induced-mutation  frequencies  are  shown  graphically  in  Fig.  2.  These  graphs 
indicate  that  the  induced -mutation  frequency  of  each  class  of  mutants  increases 
with  increasing  dose  for  both  gassing  conditions.  At  high  doses  all  the  mutant 
classes  tend  to  exhibit  saturation. 
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Figure  2.  The  genetic  reversion  (by  suppressor  mutation  Class  A  Class  B  •,  Class  C  ♦, 
and  total  (A+B+C)  ■)  of  inhibitor-depleted  conidia  from  meth  G1  bi  A1  strain 
of  Aspergillus  after  treatment  with  7-irradiation  in  the  presence  of  O2  or  N2. 
Loss  of  mutants  and  viable  colonies  due  to  gassing  have  been  corrected  for. 

The  results  of  independent  experiments  of  bubbling  with  the  alternative  gas 
15  min  immediately  after  a  7-irradiation  dose  which  reduces  the  population 
to  36%  survival  are  summarized  in  Table  3.  These  results  show  that  bubbling 
with  the  alternative  gas  after  radiation  treatment  does  not  change  the  anoxic 
or  oxic  7-ray  induced-mutation  frequencies  of  the  individual  meth  G1  revertant 
classes.  The  inactivation  of  Tween  80  inhibitor-depleted  conidia  by  oxic  or  anoxic 
(corrected)  irradiation  is  similarly  unaffected  by  15  min  of  after-gassing  with 
the  alternative  gas  when  an  allowance  is  made  for  loss  of  viable  colonies  due  to 
the  period  of  nitrogen  gassing. 

STATISTICAL  ANALYSIS  OF  RESULTS 

The  results  summarized  in  Table  2  have  been  analyzed  statistically  by  regression 
analysis  to  determine  the  relationship  between  the  observed  biological  effect 
(survival  or  mutation)  and  the  dose  of  radiation.  The  results  of  these  analyses  are 
summarized  below. 

Survival  Data 

Multi-target  line  regressions  provide  acceptable  fits  for  the  weighted  survival 
data  for  conidia  irradiated  under  oxygen  (x2  =  0.89,  P=  0.99)  and  for  those 
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15  min  nitrogen  after¬ 
gassing  0.033  ±0.003  1.1  xlO"^  46(0)  49(1)  21(0)  4230±1300  4414±1356  1931  ±593 

(3)  90  kradnitrogen  0.035  ±  0.003  4.3  x  10"^  44(0)  92(1)  21(0)  1026±90  2121  ±186  480±43 

(4)  90  drad  nitrogen  and 

15  min  oxygen  after-gassing  0.038  ±  0.004  4.8x  10"^  45(0)  89(0)  20(0)  943±79  1866±155  419±35 
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irradiated  under  nitrogen  after  correction  for  inactivation  by  nitrogen  gassing 
(X2  =  2.39,  P  =  0.70).  The  fitted  multi-target  survival  curves  have  a  common 
extrapolation  number  that  is  not  significantly  different  from  one  for  the  oxic 
irradiation  (tg  =  1.35,  P=  0.30)  and  for  the  corrected  anoxic  irradiations  (t4  = 
1 .02,  P  =  0.40).  The  slopes  of  the  fitted  regression  are  different  for  the  oxic  and 
corrected  anoxic  irradiation.  The  ratio  of  the  slopes  of  the  fitted  lines  (oer)  is 
2.82  ±0.11. 

Mutation  Data 

The  oxic  results  are  not  fitted  by  a  quadratic  relationship  between  dose  and 
induction  of  all  methionine  suppressor  mutations  (xs  =  379.32,  P  <<  0.001). 
However,  it  is  also  obvious  that  a  simple  linear  model  is  inappropriate.  For  this 
reason  the  data  have  been  divided  into  low -dose  (<8  krad)  and  high-dose 
(>15  krad)  regions  for  analysis. 

At  low  doses,  the  data  obtained  for  the  induction  of  individual  classes  of 
mutants  do  not  depart  significantly  from  the  fitted  linear  relationship  between 
dose  and  mutation  induction  for  eithe r  the  oxic  or  corrected  anoxic  data  (Table  4). 
The  slopes  of  these  fitted  lines  are  different  for  each  class  and  gassing  condition. 
The  oer’s  are  also  tabulated  in  Table  4,  and  are  independent  of  dose. 

At  high  doses,  the  frequency  of  induction  of  mutation  in  the  presence  of  N2 
by  7 -irradiation  is  the  same  linear  function  of  the  dose,  but  the  induction  of 
revertants  by  oxic  irradiation  can  be  related  to  the  square  of  the  dose.  Because 
the  shapes  of  the  induction  curves  are  different,  the  ratio  of  the  slopes  (ratio  of 
the  oer’s)  is  dose -dependent  (Table  4). 

DISCUSSION 

The  results  obtained  with  the  methionine  system  and  the  2-thioxanthine 
system  (Scott,  et  al,  1977)  demonstrate  the  existence  of  a  marked  difference 
in  forward  mutational  response  of  gene  loci  for  inhibitor-depleted  conidia  in 
aqueous  suspension  after  7 -irradiation  in  the  presence  of  oxygen  vs.  nitrogen, 
similar  to  that  reported  earlier  (Alderson  and  Scott,  1971).  Again,  this  effect  is 
independent  of  the  dose  of  radiation.  The  specificity  of  mutational  response  of 
inhibitor-depleted  spores  was  shown  to  depend  on  the  gassing  conditions  during 
irradiation,  because  bubbling  with  alternative  gas  immediately  after  7-irradiation 
did  not  change  the  prevailing  specificity.  This  was  also  observed  with  inhibitor- 
proficient  spores  (Alderson  and  Scott,  1971). 

The  experimental  evidence  presented  here,  and  elsewhere  (Alderson  and  Scott, 
1971;  Scott,  et  al,  1977)  suggest  that  the  mechanism  of  formation  and  possibly 
the  type  of  premutational  damage  induced  by  7-irradiation  under  each  gassing 
condition  are  different.  This  deduction  is  based  on  the  following  arguments. 
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TABLE  4 

The  Regression  Coefficients  Fitted  to  the  Dose  Effect  Curves  of  the  Induction 
of  Methionine  Revertants  by  7-Irradiation  in  the  Presence  of  Oxygen  or 
Nitrogen  Together  with  the  Oxygen  Enhancement  Ratio 


Oxygen  Equation  Fitted  y  =  aD  (doses  2.06  to  7.44  krad  inclusive) 

Mutant  Type 

ax  10^ 

Departure  from  Linearity 

oer 

- 

df 

P 

A 

(48.6  ±2.8) 

1.810 

2 

0.21 

3.04  ±0.23 

B 

(49.7  ±4.0) 

1.830 

2 

0.21 

1.48  ±0.13 

C 

(22.5  ±0.9) 

0.577 

2 

0.62 

2.77  ±0.18 

A+B+C 

(121.7  ±9.6) 

1.810 

2 

0.21 

2.06  ±0.17 

Oxygen  Equation  Fitted  y=bD^  (doses  14.88  to  30  krad  inclusive) 

Mutant  Type 

bx  10^ 

Departure  from  Dose  Square 

oer 

t 

df 

P 

A 

(5.63  ±0.05) 

0.5  31 

4 

0.62 

(148.2  ±6.9) 

B 

(5 .89  ±0.07) 

0.697 

4 

0.52 

(72.1  ±2.6) 

C 

(2.79  ±0.12) 

0.738 

4 

0.50 

(205.0  ±11) 

A+B+C 

(14.05  ±0.12) 

0.338 

4 

0.75 

(63.5  ±2.0)\/^ 

*Y  =  induced  mutants/ survivor 

Nitrogen  Equation  Fitted  y  =  aD 

Mutant  Type 

a  X  10^ 

Departure  from  Linearity 

t 

df 

P 

A 

(16.0  ±0.74) 

0.180 

3 

0.80 

B 

(33.7  ±  1.20) 

2.192 

3 

0.20 

C 

(8.12  ±0.39) 

0.130 

3 

0.90 

A+B+C 

(59.0  ±1.90) 

0.366 

3 

0.80 

First,  the  effect  of  the  presence  of  oxygen  at  the  time  of  irradiation  is  modi¬ 
fication  of  the  primary  lesion  to  yield  a  different  premutational  damage,  the  same 
value  of  oer  for  each  locus  would  be  expected.  However,  the  oer  values  for  the 
classes  studied  are  not  the  same.  This  variation  from  class  to  class  is  consistent 
with  the  suggestion  that  the  primary  lesions  induced  under  the  2  gassing  conditions 
are  different. 

Second,  the  removal  of  the  germination  inhibitor  might  be  expected  to  alter  the 
arrangement  and  shape  of  the  nuclear  material,  as  has  been  shown  in  germinating 
conidia  of  A.  nidulans  (Weijer  and  Weisberg,  1966).  This  may  lead  to  an  alteration 
in  target  size  (viewing  the  target  as  the  total  nuclear  material)  or  to  a  change  in 
the  probability  of  a  radiation  track  intersecting  a  target  molecule  more  than  once 
(viewing  the  target  as  a  molecule  with  different  degrees  of  folding  and  coiling). 
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However,  these  changes  might  not  affect  all  genes  similarly .  The  number  of  primary 
lesions  induced  directly  in  each  gene  under  these  circumstances  will  be  different 
in  conidia  with  and  without  the  inhibitor.  On  this  assumption,  the  distribution 
of  mutants  for  the  same  gassing  condition  would  be  expected  to  be  different  in 
the  presence  and  absence  of  the  inhibitor  if  the  damage  was  induced  directly  in 
the  DNA.  A  qualitative  difference  in  the  distribution  of  mutants  in  the  presence 
the  absence  of  the  inhibitor  is  detected  for  the  nitrogen  irradiation  (xl  = 
24.847,  P«  0.001 ,  taken  over  the  total  number  of  A,  B,  and  C  mutants  detected 
in  the  experiments  reported  by  Alderson  and  Scott,  1971),  whereas  no  difference 
is  detected  for  the  oxic  irradiations  (xl  ==  0.77,  P  =  0.5 -0.3  taken  over  the  total 
number  of  A,  B,  and  C  mutants  reported  by  Alderson  and  Scott,  1971).  If  these 
assumptions  are  correct,  this  comparison  suggests  that  the  premutation al  damage 
induced  under  nitrogen  might  be  through  a  mechanism  of  direct  ionization,  wiiereas 
that  induced  by  oxic  7-irradiation  arises  by  another  mechanism. 

Thirdly,  although  the  different  responses  of  gene  loci  according  to  gassing 
conditions  may  be  accounted  for  by  a  differential  repair  mechanism,  this  is  unlikely 
because  of  the  specificity  of  enzymes  towards  particular  substrates.  Even  if  dif¬ 
ferent  repair  enzymes  are  operative  after  irradiation  under  the  2  gassing  conditions, 
the  specificity  of  the  enzymes  themselves  would  indicate  that  the  substrate  lesions 
on  which  they  act  are  different.  The  only  circumstances  in  which  differential  repair 
would  be  apparent  are  when  the  conditions  after  irradiation  favor  one  type  of 
repair  over  another,  as  would  occur  in  the  presence  of  specific  repair  inhibitors 
or  in  repair-deficient  strains.  Likewise,  if  different  fixation  and  expression  times 
after  the  various  mutagenic  treatment  conditions  occur,  this  might  also  be  regarded 
as  indicating  that  the  substrate  lesions  are  different. 

Finally,  the  results  presented  here  confirm  the  prediction  of  an  exponential 
inactivation  curve  (Scott,  et  al,  1972)  for  inhibitor-depleted  conidia  for  both 
anoxic  and  oxic  7-irradiations. 

COMMENTS 

Henkin:  Have  you  tried  catalase  or  super  oxide  dismutase  as  radical  scavengers? 

Scott:  We  have  not  tried  these  particular  scavengers.  However,  preliminary  results 

from  radiation  exposures  in  the  absence  of  “Tween  80,”  another  scavenger, 
suggest  that  all  or  part  of  the  oxic  damage  is  mediated  by  a  radical.  Under  these 
conditions  the  mutagen  specificity  is  unaltered;  however,  the  quantitative 
mutation  frequency  for  each  class  is  raised  by  a  common  factor. 

Barnes:  What  effect  does  removal  of  the  self-inhibitor  have  on  survival? 

Scott:  With  regard  to  the  dose-effect  curves  for  both  gassing  conditions,  the  survival 

curve  of  inhibitor-proficient  conidia  is  sigmoidal,  and  as  the  conidium  loses 
its  inhibitor  the  survival  curves  approach  an  exponential  form,  the  inactivation 
response  reached  when  all  the  inhibitor  is  removed. 
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ABSTRACT 


3T3  cells  grown  in  nicotinamide-free  medium  retain  their  capacity  to  divide  at  control 
rates  for  at  least  5  generations  without  net  synthesis  of  NAD.  The  resulting  population  of 
cells  contains  NAD  concentrations  as  low  as  2%  of  control  cells.  During  nicotinamide  star¬ 
vation  the  3T3  cell  population  retains  normal  morphology,  viability,  and  protein  content. 
Upon  addition  of  nicotinamide  normal  NAD  levels  are  restored  in  less  than  24  hr.  Such  cells 
provide  a  model  system  for  studying  proposed  substrate  roles  of  NAD  such  as  the  synthesis 
of  the  chromosomal  polymer,  poly(ADP-ribose).  In  this  paper  NAD-depleted  3T3  cells  are 
examined  for  replicative  DNA  synthesis  and  for  carcinogen-induced  unscheduled  DNA 
synthesis  as  measured  by  autoradiography  of  cells  exposed  to  ^H-thymidine.  We  report  that 
replicative  synthesis  is  normal  in  NAD-depleted  3T3  cells  but  that  these  cells  are  impaired  in 
carcinogen-induced  unscheduled  DNA  synthesis.  Activity  can  be  restored  by  addition  of 
nicotinamide  and  is  concurrent  with  resumption  of  normal  NAD  levels. 

INTRODUCTION 

Carcinogenic  N-alkyl-N-nitroso  compounds  have  been  shown  to  cause  a  rapid 
decrease  in  the  total  size  of  the  NAD  pool  of  mouse  liver  (Schein,  1969),  L1210 
ascites  (Schein,  1969),  cultured  mouse  (Jacobson  and  Jacobson,  1978;  Davies, 
et  al,  1976),  and  He  La  (Smulson,  et  al,  1977)  cells.  Similar  data  have  been  ob¬ 
tained  for  ultraviolet  and  gamma  irradiation  treatments  of  cultured  mouse  cells 
(Skidmore,  et  al ,  1978;  Jacobson,  unpubl.  data).  This  decrease  in  the  NAD  pool 
occurs  concurrently  with  the  formation  of  alkali-labile  sites  in  DNA  (Jacobson  and 
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Jacobson,  1978)  and  increased  synthesis  in  nucleotide  permeable  cells  of  the 
nuclear  polymer,  poly(ADP-ribose)  from  NAD  (Levi  and  Jacobson,  1979).  These 
results  suggest  that  NAD  lowering,  following  exposure  to  carcinogenic  N-nitroso 
compounds  or  radiation,  occurs  as  a  result  of  DNA  damage  and  that  NAD  may 
play  a  role  in  DNA  repair.  The  present  report  investigates  replicative  DNA  syn¬ 
thesis  and  MNNG-induced  unscheduled  DNA  synthesis  (UDS)  in  control  andNAD- 
depleted  3T3  cells. 

MATERIALS  AND  METHODS 

BALE  3T3  A31  (ATCC:CCL  163)  cells  were  grown  on  coverslips  in  35  mm 
tissue  culture  dishes  in  complete  or  nicotinamide-free  medium  as  described  pre¬ 
viously  (Jacobson,  et  al,  1979).  Extraction  and  measurement  of  pyridine  nucleo¬ 
tides  were  done  as  described  previously  (Jacobson,  et  al,  1979).  DNA  synthesis 
was  measured  by  autoradiography.  To  measure  replicative  DNA  synthesis, 
exponentially  dividing  cultures  (approximately  1  X  10^  cells/dish)  were  exposed 
for  3  hr  to  2.5  /iCi/ml  ^H-thymidine  (TdR)  (specific  activity,  35  Ci/mmole)  in 
1  ml  of  medium  containing  1%  dialyzed  fetal  calf  serum.  At  the  end  of  the  labeling 
period  the  coverslips  were  fixed  by  washing  twice  for  10  min  in  serum-free  medium; 
twice  for  10  min  in  PBS:H2  0,  l;4;once  for  15  min  in  acetic  acid :ethanol,  1:3; 
and  twice  for  10  min  in  95%  ethanol.  The  coverslips  were  air  dried  overnight.  To 
measure  MNNG-induced  UDS,  cell  cultures  were  preincubated  for  1  hr  in  medium 
containing  1  mM  hydroxyurea  (HU)  to  inhibit  replicative  DNA  synthesis.  The 
medium  was  removed  and  replaced  with  1  ml  of  medium  containing  1%  dialyzed 
fetal  calf  serum  and  2.5  juCi/ml  ^H-TdR,  1  jug/ml  MNNG,and  1  mM  HU.  Cultures 
serving  as  controls  were  incubated  in  the  same  medium  without  MNNG.  At  the 
end  of  a  3  hr  labeling  period  the  coverslips  were  treated  as  described  for  replicative 
DNA  synthesis.  The  coverslips  were  dipped  in  Kodak  nuclear  track  emulsion 
NTB-2  diluted  in  H2O  1:3  at  42  C.  After  drying  for  1  hr,  the  coverslips  were 
dipped  in  a  scintillator  solution  (Durie  and  Salmon,  1975)  and  exposed  in  a 
light-proof  box  at  -80  C  for  a  minimum  of  48  hr.  The  coverslips  were  developed 
in  Rodinol  for  4.5  min,  placed  in  Kodak  fixer  for  10  min,  air  dried  and  stained 
as  follows:  45  min  in  acid  haematoxylin;  10  min  in  70%  ethanol;  10  min  in  90% 
ethanol;  10  min  in  90%  ethanohxylene,  2:1 ;  10  min  in  90%  ethanol :xylene,  1 :2; 
10  min  in  xylene.  Coverslips  were  mounted  on  glass  slides  and  a  minimum  of 
100  cells  were  scored  for  each  coverslip. 

RESULTS  AND  DISCUSSION 

The  growth  of  3T3  cells  in  complete  and  nicotinamide-free  media  is  shown  in 
Fig.  1.  Cell  numbers  increase  at  the  same  rate  in  both  media  for  approximately 
5  generations.  Net  synthesis  of  pyridine  nucleotides  does  not  occur  in  nicotinamide- 
free  medium  (Jacobson,  et  al. ,  1979)  resulting  in  a  population  of  cells  whose  NAD 
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Figure  1.  Growth  of  3T3  cells  in  nicotinamide-free  medium.  3T3  cells  were  seeded  at 
2  X  10*^  cells/35  mm  dish  in  complete  medium.  After  18  hr  (0  time)  medium 
was  removed  and  replaced  with  nicotinamide-free  (  O  )  or  complete  medium 
(  •  )  and  cell  numbers  were  determined  in  duplicate  daily.  Throughout  the 
experiment  media  were  replaced  with  fresh  media  daily. 

content  is  greatly  reduced .  Total  cellular  NAD  levels  in  complete  and  nicotinamide- 
free  media  are  shown  in  Fig.  2.  The  NAD  content  of  the  cultures  dividing  in 


Figure  2.  Total  cellular  NAD  content  of  3T3  cells  grown  in  complete  (♦  )  and  nico¬ 
tinamide-free  (  O  )  media.  Experimental  details  are  given  in  the  legend  to  Fig. 
2.  At  the  times  indicated  total  NAD  was  determined  as  described  previously 
(Jacobson,  et  al,  1979). 
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nicotinamide -free  medium  were  93,  31,9,  and  2%  of  control  cells  after  1, 2, 
3,  and  4  generations,  respectively.  The  NAD-depleted  cells  have  normal  protein 
(Jacobson ,  et  al. ,  1979)  and  ATP  content  fJacobson ,  unpubl.  data)  and  do  not  differ 
in  gross  morphology  from  control  cells.  Upon  addition  of  complete  medium  to 
NAD-depleted  cells,  the  cells  regain  normal  NAD  content  within  8-24  hr  and 
growth  resumes  normally  demonstrating  that  the  NAD-depleted  cells  remain 
viable  (Jacobson ,  et  al. ,  1 979). 

Data  from  several  laboratories  (Miller,  1975 ;  Skidmore,  al,  1978;  Jacobson 
and  Jacobson,  1978;  Benjamin  and  Gill,  1978)  have  implicated  a  possible  role  of 
NAD  metabolism  in  DNA  repair.  Agents  which  are  known  to  damage  DNA  including 
carcinogenic  N-nitroso  compounds,  UV,  and  gamma  radiation  cause  a  rapid  lowering 
of  the  NAD  pool.  This  lowering  of  the  NAD  pool  is  believed  to  occur  because  of 
increased  activity  of  the  chromosomal  enzyme,  poly(ADP-ribose)  polymerase. 
Inhibition  of  the  enzyme  by  simultaneous  administration  of  theophylline  can 
prevent  NAD  lowering  (Levi  and  Jacobson,  1979).  To  determine  whether  NAD 
metabolism  is  directly  involved  in  DNA  synthesis,  NAD-depleted  3T3  cells 
were  utilized  to  study  both  replicative  DNA  synthesis  and  carcinogen-induced 
UDS.  DNA  synthesis  was  measured  by  autoradiography  following  ^H-TdR  incor¬ 
poration  as  described  in  Materials  and  Methods.  The  data  for  replicative  DNA 
synthesis  are  shown  in  Fig.  3(a,b)  for  control  and  NAD-depleted  cells.  It  can  be 
seen  that  75%  of  the  control  cells  were  labeled  with  more  than  40  grains/nucleus 
and  25%  were  essentially  unlabeled.  NAD-depleted  cells  showed  a  similar  pattern 
with  approximately  65%  of  the  cells  labeled.  These  data  demonstrate  that  NAD- 
depleted  cells  exhibit  normal  replicative  DNA  synthesis.  However,  the  amount 
of  MNNG-induced  UDS  differed  markedly  in  the  control  and  NAD-depleted 
cells  (Fig.  3c,  d).  Fifty  percent  of  control  cells  show  UDS  while  the  NAD-depleted 
cells  show  no  significant  labeling  above  background.  Since  UDS,  unlike  replicative 
DNA  synthesis,  was  measured  in  the  presence  of  HU,  it  was  possible  that  the  NAD- 
depleted  cells  may  be  altered  in  the  conversion  of  ^H-TdR  to  ^H-dTTP.  Analysis 
of  the  acid  soluble  pools  labeled  with  ^H-TdR  in  the  presence  of  1  mM  HU  in 
control  and  NAD-depleted  cells  demonstrated  identical  rates  of  conversion  of 
^H-TdR  to  ^H-dTTP  in  the  2  cell  types  (data  not  shown).  In  order  to  further 
examine  the  involvement  of  NAD  in  DNA  repair,  nicotinamide  was  added  to  the 
medium  of  a  portion  of  the  NAD-depleted  cells  and  after  24  hr  UDS  was  examined. 
The  data  are  shown  in  Fig.  4.  Following  restoration  of  normal  NAD  levels  (Fig.  4) 
these  previously  NAD-depleted  cells  now  show  MNNG-induced  UDS  with  76% 
of  the  cells  labeled  compared  to  68%  in  the  control.  These  preliminary  data 
suggest  that  NAD-depleted  cells  are  impaired  in  DNA  repair  synthesis  but  not 
in  replicative  DNA  synthesis  and  that  addition  of  nicotinamide  restores  UDS  in 
these  cells  presumably  due  to  restoration  of  normal  NAD  pools.  A  number  of 
possible  alternative  explanations  could  account  for  the  lack  of  DNA  repair  in 
NAD-depleted  cells;  however,  these  data  are  consistent  with  the  suggestions 
from  other  laboratories  that  NAD  metabolism  may  be  important  in  DNA  repair 
processes. 
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Figure  3.  Replicative  DNA  synthesis  and  MNNG-induced  UDS  in  control  and  NAD- 
depleted  3T3  cells.  After  72  hr  of  growth  as  shown  in  Fig.  1,  replicative  DNA 
synthesis  and  MNNG-induced  UDS  were  measured  by  autoradiography  fol¬ 
lowing  ^H-TdR  incorporation  as  described  in  Materials  and  Methods,  (a)  Re¬ 
plicative  DNA  synthesis  in  control  cells,  (b)  rephcative  DNA  synthesis  in  NAD 
depleted  cells,  (c)  UDS  in  control  cells,  and  (d)  UDS  in  NAD  depleted  cells. 
The  data  are  reported  as  %  of  cells  number  of  grains/nucleus.  Background 
was  determined  by  counting  the  number  of  grains  in  a  region  the  size  of  the 
nucleus.  Average  backgrounds  ranged  from  2-6  grains.  The  NAD  content  of 
control  and  NAD-depleted  cells  was  2.18  nmoles/ 10^  cells  and  0.21  nmoles/ 
10^  cells,  respectively. 
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Figure  4.  UDS  in  NAD-depleted  3T3  cells  following  restoration  of  normal  NAD  levels. 

A  portion  of  the  control  (a)  and  NAD  depleted  (b)  3T3  cells  in  Fig.  3  were 
given  complete  medium  and  after  24  hr  MNNG-induced  UDS  was  measured. 
Experimental  details  are  the  same  as  in  Fig.  3.  The  NAD  content  of  the  cells 
was  3.43  nmoles/1 0^  cells  and  3.33  nmoles/10^  cells  in  panel  (a)  and  (b), 
respectively. 
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ABSTRACT 


Adrenal  glands  homogenized  in  0.25  M  sucrose  were  fractionated  by  discontinuous  gradient 
centrifugation.  Comparison  of  the  corticosterone  content  of  the  lipid  fraction  with  the  whole 
homogenate  revealed  that  up  to  80%  of  the  whole  gland  corticosterone  was  contained  in  the 
lipid  fraction.  Exogenuous  corticosterone  was  absorbed  by  the  lipid  fraction  when  added  to 
the  homogenate  during  hpid  isolation.  However,  when  rats  were  injected  with  ACTH  and  the 
adrenals  were  removed  30  min  later  (a  time  when  blood  levels  of  corticosterone  are  maximum) 
corticosterone  did  not  increase  over  control  lipid  fraction  concentrations.  Simultaneously  the 
concentration  of  corticosterone  in  the  non-lipid  fraction  showed  an  increase  at  30  min  over 
control  levels.  This  suggests  that  endogenous  corticosterone  exchange  between  pools  is  min¬ 
imal  and  that  levels  of  corticosterone  in  the  lipid  fraction  may  have  a  physiological  function. 
Corticosterone  in  lipid  supernate  and  mitochondrion-rich  fractions  was  examined  at  0,  10 
and  30  min  after  ACTH  injection.  Corticosterone  in  the  lipid  fraction  decreased  at  10  min 
following  stimulation  and  increased  thereafter.  The  content  in  the  supernate  paralleled  that 
of  the  lipid  fraction  while  the  mitochondrion-rich  fractions  reached  a  maximum  at  10  min 
before  declining.  These  observations  are  discussed  in  relationship  to  the  involvement  of  the 
lipid  fraction  in  adrenal  steriod  secretion. 

INTRODUCTION 

The  adrenal  is  a  steriod-producing  gland  located  above  the  kidney.  In  the  rat 
this  gland  produces  the  glucocorticoid,  corticosterone,  in  response  to  adreno¬ 
corticotropic  hormone  (ACTH)  released  from  the  pituitary  following  stress  or 
low  blood  sugar. 
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The  enzymes  of  steroidogenesis  have  been  localized  in  the  mitochondrial  and 
microsomal  fractions  isolated  from  adrenal  cortical  cells  (Schulster,  et  al,  1976). 
However,  the  mechanism  by  which  the  steroids  synthesized  by  the  enzymes  are 
released  from  the  cell  is  unknown.  Based  on  a  comparison  of  the  content  of  corti¬ 
costerone  in  the  adrenal  vein  and  the  homogenate  of  that  adrenal  gland  following 
ACTH  stimulation,  Vogt  (1943)  suggested  that  no  storage  of  corticosterone 
occurred  within  the  cells  of  the  rat  adrenal  cortex.  Saffran,  er  al ,  (1952)  examined 
the  corticosterone  in  rat  adrenal  minces  before  and  after  incubation  in  the  presence 
of  ACTH,  finding  that  the  amount  of  corticosterone  in  the  medium  greatly 
exceeded  the  glandular  content  of  this  steroid  before  stimulation.  Since  these 
reports,  studies  investigating  the  mechanism  of  steroid  release  have  not  appeared, 
although  several  investigators  postulated  methods  based  on  indirect  observations. 
Christensen  and  Gillim  (1969)  postulated  that  corticosterone  is  carried  by  a 
cytoplasmic  binding  protein.  Working  with  rats  treated  with  dexamethasone  to 
suppress  endogenous  production  of  ACTH,  Rhodin  (1971)  examined  electron 
micrographs  of  cells  in  the  rat  adrenal  cortex.  Rhodin  (1971)  suggested  that  there 
was  an  increased  exocytosis  of  lipid  droplets  within  10  min  of  an  exogenous 
ACTH  injection.  The  cat  adrenal  has  also  been  examined  ultrastructurally; 
Gemmell,  et  al,  (1977)  identified  electron  translucent  organelles  in  cat  adreno¬ 
cortical  cells  similar  in  size  to  lysosomes.  These  organelles  appear  to  decrease  in 
number  following  ACTH  stimulation. 

Mrotek  (1974)  presented  the  first  evidence  that  a  lipid  fraction  isolated  from 
homogenates  of  the  decapsulated  rat  adrenal  contained  a  high  concentration  of 
corticosterone.  This  paper  extends  the  findings  of  that  initial  report. 

MATERIALS  AND  METHODS 

Male  Sprague  Dawley  rats  used  in  this  study  were  obtained  from  Charles  River 
(N.  Wilmington,  MA).,The  antibody  against  corticosterone  used  in  this  study 
was  produced  by  Dr.  G.  E.  Abraham,  Harbor  General  Hospital  (Torrance,  CA). 

To  obtain  the  adrenal  glands  the  rats  were  killed  by  decapitation  and  the  glands 
were  removed  as  quickly  as  possible  into  4  C  0.25  M  sucrose;  the  glands  were 
defatted  and  decapsulated  on  chilled,  sucrose-moistened  surfaces.  They  were 
homogenized,  fractionated,  extracted  and  assayed  using  the  methods  of  Mrotek, 
et  al ,  (1979)  as  modified  by  Mathew,  cr  al,  (1979). 

While  initial  experiments  were  carried  out  with  no  attempt  to  control  stress, 
experiments  investigating  the  temporal  effects  of  ACTH  utilized  control  animals 
exposed  to  stress  2  min  or  less  before  decapitation.  In  later  studies  animals 
injected  with  ACTH  were  decapitated  immediately  or  at  10  and  30  min  following 
an  intraperitoneal  ACTH  injection.  Defatted  adrenals,  homogenized  in  2  ml  of 
0.25  M  sucrose  with  1  mM  1 -benzylimidazole  (Mathew,  al,  1979)  to  inhibit 
further  sidechain  cleavage  activity,  were  subsequently  divided  into  2  equal  fractions. 
One-half  the  homogenate  was  layered  onto  a  discontinuous  gradient  consisting 


CORTICOSTERONE  ISOLATION 


95 


of  3.25  ml  of  1.1  M  sucrose  underlying  3.25  ml  of  0.5  M  sucrose.  Over  the  homo¬ 
genate  2,25  ml  of  0.25  M  sucrose  and  3.25  ml  of  0.125  M  sucrose  were  layered 
and  the  gradient  was  centrifuged  at  105,000  x  gin  an  SW41  centrifuge  (Beckman 
Instruments)  for  5  hr.  The  other  1  ml  of  homogenate  was  diluted  to  13  ml  with 
0.25  M  sucrose  and  stored  at  4  C  for  5  hr  prior  to  extraction  with  ether.  At  the 
end  of  5  hr  centrifugation  each  of  the  sucrose  fractions  (0.125  M,  0.25  M, 
0.5  M  and  1.1  M)  were  isolated  from  the  centrifuge  tube  using  a  tube  slicer  to 
prevent  intermixing  of  fractions.  These  fractions  as  well  as  3.25  ml  of  the  diluted 
whole  homogenate  were  extracted  with  ether  and  the  extract  was  purified  using 
thin-layer  chromatography  (Mrotek,  1974)  prior  to  radioimmunoassay  (RIA) 
(Roy,  et  aL,  1974). 

RESULTS  AND  DISCUSSION 

The  subcellular  events  leading  to  the  release  of  the  hydrophobic  steroid  hor¬ 
mones  of  the  adrenal  cortex  have  not  been  defined .  Although  early  work  suggested 
that  no  storage  of  preformed  corticosterone  occurred  in  the  rat  adrenal  cortex 
(Vogt,  1943;  Saffran,  et  al,  1952)  recent  ultrastructural  and  biochemical  studies 
suggest  that  distinct  cellular  structures  might  be  associated  with  the  secretory 
process  (Rhodin,  1971 ;  Gemmell,  et  aL,  1977 ;  Mrotek,  1974). 

To  more  completely  understand  the  role  of  the  adrenal  lipid  droplet  in  the 
temporal  response  of  the  rat  to  exogenous  ACTH  injections  we  have  isolated  and 
partially  characterized  the  lipid  fractions  obtained  by  discontinuous  gradient 
centrifugation  of  homogenates  of  the  decapsulated  rat  adrenal.  Examination  of 
the  lipid  fractions  by  electron  microscopy  reveals  relatively  little  contamination 
with  other  subcellular  fractions,  although  a  few  mitochondria  are  observed  (Fig.  1 ). 
In  addition,  when  the  lipid  fraction  was  assayed  for  enzymes  characteristic  of 
other  subcellular  fractions  (data  not  shown),  only  7%  mitochondrial  and  11% 
microsomal  contamination  was  found. 

In  our  initial  studies,  it  was  found  that  79%  of  the  whole  gland  corticosterone 
was  contained  in  the  lipid  fraction  (Fig.  2).  In  this  study  no  attempt  was  made 
to  measure  the  corticosterone  concentration  in  the  non-lipid  and  soluble  fractions 
isolated  by  discontinuous  centrifugation,  nor  was  an  attempt  made  to  prevent 
stress  to  the  animals,  taking  15  to  20  min  to  move  animals  and  set  up  the  experi¬ 
ment  prior  to  killing. 

The  possibility  existed  that  the  lipid  fraction  corticosterone  might  be  an  artifact 
resulting  from  adsorption  of  steroid  released  from  another  organelle  during  homo¬ 
genization.  To  verify  whether  this  artifact  could  be  created  experimentally  the 
homogenate  was  exposed  to  exogenous  corticosterone.  In  addition  the  lipid 
fraction  was  isolated  by  flotation  through  a  0.125  M,  1%  bovine  serum  albumin 
(BSA)  solution  containing  corticosterone  (Avigan,  1959).  The  results  shown  in 
Table  1  indicate  that  the  possibility  of  an  artifact  is  real.  The  likelihood  exists  that 
any  experimental  treatment  elevating  corticosterone  in  the  adrenal  gland,  whether 
exogenous  or  endogenous  in  nature,  will  elevate  lipid  corticosterone  levels. 
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I'igure  1.  Electron  micrograph  of  a  tangential  section  through  a  lipid  layer  isolated  by 
discontinuous  gradient  centrifugation  and  fixed  by  immersion  of  the  solid 
lipid  wafer  in  osmium  tetroxide  (X  5400).  Note  the  lipid  droplet  (L)  and  the 
occasional  mitochondria  (^). 
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Figure  2.  Comparison  of  corticosterone  concentrations  in  homogenates  and  lipid  layers 
prepared  for  adrenals  of  rats  housed  some  distance  from  the  site  of  sacrifice. 
Chloroform-methanol  (2 :1 ,  wfv)  was  used  as  extracting  solvent  and  corticosterone 
was  determined  using  the  acid  fluorescence  method  (Mrotek,  1974).  Bars  show 
means  and  Standard  Error  (S.  E.)  of  6  experiments  each  using  3  rats. 


Since  ACTH  is  known  to  increase  to  endogenous  levels  of  corticosterone  in 
rat  adrenals  (Moncloa,  et  al,  1959)  we  set  out  to  determine  whether  this  also 
affected  the  concentration  of  lipid  fraction  corticosterone.  The  response  of  animals 
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TABLE  1 

The  Effect  of  Exogenous  Corticosterone  on  the  Concentration  of  Acid  Fluorescent 
Steroid  in  Chloroform-Methanol  Extracts  of  Adrenal  Lipid  Fractions 


Control 

1%  BSA 

l%BSA  +  61/.ig 
Corticosterone 

Corticosterone  Added  to  Homogenates 

0.050 

0.060 

0.462 

Flotation  through  a  Corticosterone-' 

Containing  Band 

0.037 

0.084 

0.512 

to  exogenous  injections  of  ACTH  is  a  time -dependent  phenomenon.  Thirty 
minutes  following  the  injection  of  ACTH  was  chosen  as  the  time  to  examine 
corticosterone  in  the  adrenal  subcellular  fractions  because  this  is  the  time  at 
which  serum  corticosterone  is  highest  (Curtis,  J.  C.,  J.  J.  Mrotek,  P.  Kwan,  and 
E.  Bedigian,  1969,  unpubl.  data).  For  this  experiment  we  utilized  animals  isolated 
in  separate  cages  for  7  days.  Animals  were  housed  about  25  yd  from  the  site  of 
sacrifice,  thus  some  transport  stress  may  have  occurred.  The  results  of  this 
experiment  are  presented  in  Fig.  3 .  Although  corticosterone  increased  significantly 
in  the  non -lipid  fraction  at  30  min ,  no  change  could  be  found  in  the  lipid  fraction. 
This  experiment  suggests  that  little  exchange  of  endogenous  corticosterone  seems 
to  occur  following  homogenization .  If  such  had  been  the  case,  the  ACTH-stimulated 
increase  in  corticosterone  in  the  non-lipid  fraction  would  have  been  adsorbed  by 
the  lipid  fraction  during  homogenization. 

These  experiments  fail  to  suggest  whether  the  corticosterone  in  the  lipid 
fraction  plays  a  role  in  the  secretory  process.  If  this  lipid  fraction  is  involved  in 
secretion,  a  concentration  decline  in  the  lipid  fraction  following  ACTH  injection 
should  occur,  but  is  not  observed. 

There  is  a  possibility  that  the  lipid  fraction  is  not  involved  in  secretion.  Corti¬ 
costerone  in  the  lipid  fraction  could  represent  steroid  synthesized  during  the  5  hr 
centrifugation  period  at  4  C.  Electron  microscopy  and  enzyme  characterization 
revealed  the  presence  of  mitochondria  in  the  lipid  fractions.  Mitochondria  contain 
2  of  the  major  enzymes  of  steroidogenesis  (Schulster,  et  al,  1976).  Even  though 
it  may  be  unreasonable  to  expect  that  7%  mitochondrial  contamination  of  the 
lipid  fraction  alone  could  synthesize  the  50-79%  of  the  total  glandular  corti¬ 
costerone,  additional  soluble  enzymes  may  contaminate  this  fraction.  Specific 
inhibitors  of  the  steroidogenic  enzymes  have  been  reported;  by  including  these 
inhibitors  in  the  homogenization  medium,  further  synthesis  should  be  prevented. 

Another  possibility  consistent  with  previous  data  is  that  the  lipid  fraction 
represents  a  storage  reserve  of  corticosterone  for  immediate  response  to  stress.  In 
this  event  the  lipid  corticosterone  would  be  expected  to  decrease  rapidly  for  a 
short  time,  following  which  it  would  be  replenished  for  future  needs.  Simultane¬ 
ously  one  might  expect  that  ACTH  would  stimulate  steroid  synthesis  and  would 
result  in  an  increase  in  corticosterone  concentration  in  the  non-lipid  subcellular 
fractions  where  the  enzymes  of  steridogenesis  are  located.  Eventually  the  non¬ 
lipid  corticosterone  might  be  expected  to  decline  due  to  secretion  and  replenish¬ 
ment  of  the  lipid  fraction. 
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Figure  3.  Comparison  of  acid  fluorescently  determined  corticosterone  in  chloroform 
methanol  extracts  of  adrenal  lipid  layers  and  non-lipid  fractions.  Homogenates 
were  prepared  from  decapsulated  adrenals  of  minimally  stressed  rats  before 
and  30  min  after  treatment  with  ACTH.  The  non-lipid  fraction  consisted  of 
the  pellet  resuspended  in  the  supernate  remaining  after  removal  of  the  lipid 
layer  from  the  discontinuous  gradient.  Bars  show  means  and  S.  E.  *  (P<.05). 

Information  bearing  on  the  2  possibilities  mentioned  above  might  be  obtained 
simultaneously.  By  looking  at  the  temporal  response  to  ACTH  injections  of  the 
various  adrenal  fractions  associated  with  the  following  sucrose  concentrations: 
0.125  M  (lipid),  0.25M  (supernate  and  some  lipid),  0.5  M  (unidentified)  and  1 .1  M 
(unidentified)  any  multiphasic  response  pattern  in  the  adrenal  fractions  might  be 
identified.  Simultaneously  enzymatic  activity  was  inhibited  by  homogenizing  the 
glands  in  the  presence  of  the  steroidogenic  inhibitor  1-benzylimidazole  (Mathew 
and  Mrotek,  1978;  Mathew,  et  al,  1979).  The  results  of  this  study  are  shown  in 
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TABLE  2 

Temporal  Study  of  the  Changes  in  Decapsulated  Rat  Corticosterone  in  Various 
Fractions  of  the  Discontinuous  Gradient  Following  Injections  of  ACTH. 
Corticosterone  was  Extracted  with  Ether  and  Assayed  by  RIA;  It  is 
Expressed  as  ng/mg  Adrenal  Wet  Weight 


Time 

(Min) 

Whole 

Homogenate 

Lipid 

Fraction 

Lipid  and 
Supernate 

0.5  M 

1.1  M 

0 

50 

19 

28.5 

9 

4.5 

10 

45 

14 

5.5 

8 

11 

30 

60 

17 

9 

4.5 

7 

Table  2.  The  corticosterone  in  the  whole  homogenate  exhibits  a  transitory  fall  at 
10  min  but  rises  again  at  30  min;  this  relative  pattern  is  also  seen  in  the  lipid  and 
lipid/supernate  fractions.  The  explanation  for  this  surprisingly  high  lipid/supernate 
value  is  not  clear  although  the  fact  that  this  is  the  only  time  period  in  which  more 
corticosterone  is  recovered  in  the  fractions  than  in  the  whole  homogenate  might 
suggest  an  isolation  artifact.  The  corticosterone  found  in  the  2  non-lipid  fractions 
associated  with  0.5  M  and  1 .1  M  sucrose  appears  to  be  unchanged  or  increased  at 
10  min  then  decreased  at  30  min. 

Microsomes  might  be  expected  to  be  associated  with  the  0.5  M  sucrose  fraction 
and,  therefore,  the  enzymes  responsible  for  the  intermediate  steps  in  steroid  bio¬ 
genesis  would  be  located  here  (Schulster,  et  al,  1976).  Within  the  1.1  M  sucrose 
fraction  should  be  found  mitochondria,  nuclei,  cell  fragments  and  unbroken  cells. 
This  fraction  should  be  enriched  in  the  enzymes  of  the  1st  and  last  steroidogenic 
steps  and  the  fraction  might  be  expected  to  contain  higher  concentrations  of 
corticosterone  as  a  result. 

The  results  presented  in  Fig.  3  suggested  that  the  amount  of  corticosterone 
present  in  the  lipid  droplet  does  not  change  between  0  and  30  min  post-ACTH 
treatment  while  that  contained  in  the  non-lipid  fraction  does.  In  the  preceding 
study,  a  slight  decrease  was  found  in  both  the  lipid  and  non-lipid  fractions 
(Table  2).  Our  conclusion  regarding  the  minimal  exchange  of  corticosterone  be¬ 
tween  fractions  would  still  appear  to  hold  based  on  the  10  min  post  ACTH  values 
in  Table  2;  however,  the  discrepancy  regarding  the  behavior  of  the  fractions  in 
the  2  studies  in  puzzling.  Explanations  for  these  results  could  involve  differences 
in  extracting  solvents  (ether  vs.  chloroform/methanol),  assay  procedure  (acid 
fluorescence  vs.  RIA),  degree  of  stress  of  animals  (maintenance  in  seclusion  and 
transport  25  yd  to  the  site  of  sacrifice  vs.  immediate  dispatch  of  control)  or 
variability  in  techniques  such  as  resuspension  of  the  residual  non-lipid  fraction. 

Although  the  present  data  are  consistent  with  our  working  hypothesis,  they 
are  uninterpretable  without  further  fraction  purification  and  characterization  of 
the  0.5  M  and  1.1  M  fractions.  Experiments  are  now  in  progress  to  clarify  these 
points.  Nevertheless,  our  data  for  the  lipid  fraction  indicate  that  the  lipid  corti¬ 
costerone  does  exhibit  a  biphasic  response.  The  biphasic  response  in  the  lipid 


CORTICOSTERONE  ISOLATION 


101 


fractions  is  consistent  with  a  similar  observation  made  by  Sato  and  Buonassisi 
(1964)  on  the  steroid  secretory  pattern  obtained  for  the  Y-1  mouse  adrenal 
tumor  cell.  Other  investigators  have  observed  similar  biphasic  patterns  both  with 
the  mouse  adrenal  tumor  cell  and  with  superfused  rat  adrenal  fragments  (Chen 
and  Auersperg,  1974;  Mrotek,  unpublished  data;  Schulster,  et  al,  1970).  If  the 
lipid  droplet  proves  to  be  a  subcellular  structure  whose  functions  include  storage 
and  release  of  corticosterone,  Rhodin’s  (1971)  observation  of  an  increased  exo- 
cytosis  of  rat  adrenal  lipid  droplets  in  response  to  ACTH  would  correlate  well 
with  our  findings.  In  this  regard  it  is  interesting  that  both  we  and  Rhodin  (1971) 
find  a  peak  response  at  10  min. 

Gemmell,  et  al,  (1977),  using  the  cat,  suggested  that  non-lipid  secretory 
structures  similar  to  a  lysosome  exhibited  dynamic  fluctuations  coinciding  with 
increased  adrenal  glucocorticoid  production  40  min  following  ACTH  stimulation. 
If  a  similar  structure  were  utilized  in  the  rat  and  if  the  response  period,  in  the  cat 
and  rat  were  manifested  for  different  lengths  of  time,  then  our  results  would  show 
the  steroid  secretory  structure  and  corticosterone  to  be  associated  with  the  1 .1  M 
sucrose  fraction,  if  it  were  lysosomal.  Our  present  studies  do  not  permit  us  to 
evaluate  the  possibility  that  a  lysosome -like  particle  is  also  involved  in  steroid 
production. 

Previous  failures  to  obtain  results  suggesting  storage  of  corticosterone  in  the 
rat  adrenal  may  be  explained  by  the  fact  that  these  early  investigators  failed  to 
account  for  the  effect  of  surgical  stress.  (Vogt,  1943;  Saffran,  et  al,  1952). 
Adrenals  from  animals  stressed  during  experimental  preparations  and  examined 
immediately  thereafter  would  be  expected  to  have  lower  levels  of  corticosterone 
than  those  in  veinous  blood  orsuperfusate  because  lipid  reserves  were  immediately 
released  by  the  endogenous  ACTH  secreted  in  response  to  stress.  Similarly,  the 
initiation  of  steroid  synthesis  by  endogenous  ACTH  would- provide  the  gluco¬ 
corticoid  which  would  be  detected  in  the  blood  or  superfusate.  In  these  experi¬ 
ments,  a  long  enough  time  elapsed  between  the  stress  of  transport  and  sacrifice 
so  that  the  corticosterone  in  the  adrenal  lipid  fraction  was  replenished.  Because 
any  procedure  which  differes  from  standard  routine  leads  to  stress,  experiments 
are  now  in  progress  which  utilize  an  artifical  glucocorticoid  to  suppress  endogenous 
ACTH  production.  Future  studies  on  these  rats  should  more  accurately  gauge 
the  temporal  dynamics  of  corticosterone  synthesis  and  release  by  decapsulated 
rat  adrenal  subcellular  fractions. 

ACKNOWLEDGEMENTS 

The  authors  are  indebted  to  Marcos  Gonzales  and  Paula  Morris  for  their  sug¬ 
gestions.  We  appreciate  the  technical  assistance  of  Kathy  Ebenhack  and  Deborah 
Schentes.  Portions  of  this  investigation  were  funded  by  NTSU  Faculty  Research 
Grant  #34729. 


102 


GULF  COAST  MOLEC.  BIOL.  CONF. 


LITERATURE  CITED 


Avigan,  J.,  195 9- A  method  for  incorporating  cholesterol  and  other  lipids  into  serum  lipo¬ 
proteins  m  vitro.  J,  Biol  Chem.,  234:1  SI. 

Chen,  L.  M.,  andH.  Auersperg,  1974-Response  to  ACTH  by  cultured  adrenal  cortical  tumor 
cells  following  enucleation  with  cytocholasin  B.  J.  Cell  Biol. ,  63:57a, 

Christensen,  A.  K.,  and  S.  W.  Gillim,  1969-The  correlation  of  fine  structure  and  function  in 
steroid -secreting  cells,  with  emphasis  on  those  of  the  gonads.  In  K.  W.  McKerns,  (Ed.), 
The  Gonads.  Appleton-Century-Crofts,  New  York,  N.  Y.,  pp.  415-488. 

GemmeU,  R.  T.,  S.  G.  Laychock,  and  R.  P.  Rubin,  1977-Ultrastructural  and  biochemical 
evidence  for  a  steroid-containing  secretory  organelle  in  the  perfused  cat  adrenal  gland. 
J.  Cell  Biol,  72:209. 

Mathew,  J.  and  J.  J.  Mrotek,  1978-Radioimmunoassay  of  dynamic  changes  in  steroid  content 
of  adrenal  homogenates.  Eleventh  Ann.  Meeting  of  the  Texas  Association  for  Radiation 
Research,  Denton,  TX, 

- ,  B.  Marsaw,  W.  E.  Rainey,  and  J.  J.  Mrotek,  1979-Improved  methods  for  corti¬ 
costerone  extraction  from  ceU  homogenates  and  subcellular  fractions  of  the  rat  adrenal 
cortex.  Analyt.  Biochem.,  In  Press. 

Moncloa,  F.,  F.  G.  Peron,  and  R.  1.  Dorfman,  1959-The  fluorimetric  determination  of  corti¬ 
costerone  in  rat  adrenal  tissue  and  plasma:  Effect  of  administering  ACTH  subcutaneously. 
Endocrin.,  65:717. 

Mrotek,  J.  J.,  1974 -Corticosterone  and  cholesterol  content  of  the  lipid  droplet  fraction  and 
lipid  droplet-free  homogenate  of  adrenals  from  normal  and  ACTH-treated  rats.  Ph.D. 
Dissertation,  Clark  University,  Worcester,  MA. 

- J.  K.  Mathew,  W.E.  Rainey,andJ.  C. Curtis,  1979-The  isolation  of  lipid  fractions 

from  decapsulated  rat  adrenals  and  their  possible  involvement  in  the  steroidogenic  process. 
Endocrine  Bes.  Commww.,  In  Press. 

Rhodin,  J.  A.  G.,  1971 -The  ultrastructure  of  the  adrenal  cortex  of  the  rat  under  normal 
and  experimental  conditions./.  Ultrastmctural  Res. ,  34:23. 

Roy,  S.  K.,  Jr.,  R,  Garza,  G.  Maroulis,  and  G.  E.  Abraham,  1974-Radioimmunoassay  of 
plasma  corticosterone.  Analyt.  Letters,  7:109. 

Saffran,  B.,  B.  Grad,  and  M,  J,  Bayliss,  1952-Production  of  corticoids  by  rat  adrenals  in 
vitro.  Endocrin.,  5 0:639. 

Sato,  G.,  and  V.  Buonassisi,  1964— Hormone  synthesis  in  dispersed  (adrenal  and  pituitary 
mammalian)  cell  culture.  Symposium  on  the  Retention  of  Functional  Differentiation  in 
Cultured  Cells.  Wistar  Institute  Symposium  Monograph,  Wistar  Institute  Press,  Philadelphia, 
PA.,  pp.  27-34. 

Schulster,  D.,  S.  A.  S.  Tait,  J.  F.  Tait,  and  J.  J.  Mrotek,  1970-Production  of  steroids  by  in 
vitro  superfusion  of  endocrine  tissue.  HI.  Corticosterone  output  from  rat  adrenals  stimu- 

/  If 

lated  by  adrenocorticotropin  or  cyclic  3  ,  5  -adenosine  monophosphate  and  the  inhibitory 
effect  of  cycloheximide.  Endocrin.,  86:487. 

- ,  S.  Burstein,  and  B.  A.  Cooke,  1976-Biosynthesis  of  steroid  hormones.  Molecular 

Endocrinology  of  the  Steroid  Hormones.  John  Wiley  and  Sons,  New  York,  N.  Y.,  pp.  44-72. 

Vogt,  M.,  1943— The  output  of  cortical  hormone  by  the  mammalian  suprarenal.  J.  Physiol, 
102:341. 


ABSTRACTS 

OF 

lOTH  ANNUAL 

GULF  COAST  MOLECULAR  BIOLOGY  CONFERENCE 


Sheraton- Marina  Inn 
Corpus  Christi 
January  19  -  20  -  21,  1979 


Abstracts:  10th  Annual  Meeting  of  the  Gulf  Coast  Molecular  Biology 
Conference,  Sheraton-Marina  Inn, 

Corpus  Christi,  Texas,  January  19-20-21,  1979 

IN  VIVO  CODON  RECOGNITION  BY  GLYCINE  tRNAs  OF  ESCHERICHIA  COLL  Emanuel 
J.  Murgola  and  Frances  T.  Pagel,  Section  of  Molecular  Biology,  The  University  of  Texas 
System  Cancer  Center,  M.  D.  Anderson  Hospital  and  Tumor  Institute,  Texas  Medical 
Center,  Houston  77030. 

In  order  to  provide  in  vivo  evidence  concerning  the  nature  of  codon  recognition  by  iso- 
accepting  tRNAs  in  Escherichia  coli,  we  have  carried  out  genetic  experiments  with  appropriate 
glycine  tRNA  mutants  that  display  altered  coding  specificities.  It  has  been  shown  that,  in 
the  in  vitro  ribosome-triplet  binding  assay,  glyT  tRNA  is  the  only  glycine-accepting  tRNA 
that  can  respond  to  the  glycine  codon  GGA.  Using  ^/yT-derived  missense  suppressors  that 
respond  to  AGA,  GAA,  UGA,  UGG,  and  AAA,  we  have  shown  that,  in  vivo,  glyT  tRNA  is 
indeed  the  only  GGA-reader  and  that,  rather  than  using  a  “2  out  of  3”  method  of  codon 
recognition,  glycine  tRNAs  in  the  E.  coli  cell  respond  to  all  3  nucleotides  of  a  codon. 

CLONING  AND  EXPRESSION  OF  THE  CELL  DIVISION  GVHV  SEP  0¥  ESCHERICHIA 
COLL  Carleen  Irwin,  Cynthia  Fillingim,  and  James  R.  Walker,  Department  of  Micro¬ 
biology,  University  of  Texas,  Austin  78712. 

The  sep  gene  of  Escherichia  coli  codes  for  a  penicillin-binding  protein  which  is  required 
for  septum  formation.  In  order  to  study  the  regulation  of  expression  of  this  cell  division 
gene,  plaque-forming  lambda  phages  carrying  sep  were  constructed.  Fragments  generated 
from  ecoVl  digestion  of  DNA  of  the  vector  \Charon  10  and  of  a  defective  sep  transducing 
phage  were  ligated  to  form  hybrid  molecules.  Phages  which  formed  after  transfection  were 
screened  to  identify  hybrids  as  those  able  to  complement  a  septs  recipient,  allowing  the  cells 
to  grow  at  the  non-permissive  temperature.  Restriction  mapping  and  heteroduplex  analysis 
indicated  that  an  18.2  kilobase  pair  ecoRI  fragment,  which  carried  the  sep  gene,  had  been 
inserted  into  XCharon  10.  Infection  by  the  Xsep  hybrid  phage  caused  the  overproduction  of 
penicillin-binding  protein  3  which  was  inserted  into  the  membrane. 

THE  ENERGY  MANAGEMENT  OF  ENCYSTMENT  IN  AZOTOBACTER  VINELANDII. 
Solomon  L.  Aladegbami  and  Roland  Vela,  Department  of  Biological  Sciences,  North 
Texas  State  University,  Denton  76203. 

Vegetative  cells  of  Azotobacter  vinelandii,  and  all  other  bacteria,  are  characterized  by 
an  adenylate  energy  charge  (ATP  +  Va  ADP  L  ATP  +  ADP  +  AMP)  of  value  >  0.8.  Reports 
on  the  energy  charge  of  bacterial  spores  give  values  of  <  0.1. 

Energy  charge  values  were  determined  for  growing  cultures  of  A.  vinelandii  in  nitrogen- 
free  media.  These  values  varied  from  0.82  during  logrithmic  growth  to  0.50  during  prolonged 
stationary  phase.  The  resting  cells  were  then  transferred  to  encystment  media  and  incubated 
for  a  period  of  40  days.  The  energy  charge  dropped  from  0.50  to  a  value  of  0.40  during  the 
encystment  process  and  remained  unchanged  for  the  next  40  days.  Viability  was  95%  during 
the  entire  period  studied. 
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RELEASE  OF  DNA-DEPENDENT  RNA  POLYMERASE  P  and  P  SUBUNITS  FROM 
FOLDED  NUCLEOIDS  OF  ESCHERICHIA  COLI  dnaA}-^  MUTANTS.  L.  C.  Eaton, 
J.  S.  Sevall,  and  J.  A.  Fralick,  Department  of  Microbiology,  Texas  Tech  University  School 
of  Medicine,  and  Department  of  Chemistry,  Texas  Tech  University,  Lubbock  79430. 

Polypeptides  have  been  released  in  vitro  from  the  folded  nucleoids  of  an  Escherichia  coli 
dnak^^  mutant,  and  its  parental  wild-type  strain.  Preferential  release  of  polypeptides  in  the 
molecular  weight  ranges  of  155-160kD,  from  nucleoids  exposed  to  the  restrictive  temperature 
of  43  C,  has  been  demonstrated  by  SDS-PAGE.  These  polypeptides  are  antigenically  identical 
to  those  of  the  P  and  P  subunit  polypeptides  of  DNA-dependent  RNA  Polymerase,  This 
preferential  polypeptide  release  in  one  dnaA^^  mutant  is  twice  that  of  control  values,  and  in 
a  second  dnaA^^  mutant  is  1.5  times  that  of  control  values.  This  implies  possible  interaction 
of  RNA  polymerase  subunits  with  the  dnaA  gene  product. 

ORGANIZATION  AND  REGULATION  OF  EUCARYOTIC  NUCLEAR  GENES.  Arthur  P. 
BoUon,  Department  of  Biochemistry,  University  of  Texas  Health  Science  Center,  Dallas 
75235. 

We  have  utilized  genetic,  biochemical  and  cloning  techniques  to  probe  the  organization 
and  regulation  of  2  types  of  nuclear  genes  of  Saccharomyces  cerevisiae;  the  rRNA  genes  and 
the  ilv  structural  genes  which  code  for  the  biosynthetic  enzymes  involved  in  the  synthesis 
of  L-isoleucine  and  L-valine.  We  have  cloned  the  5s,  18s,  5.8s,  and  25s  rRNA  genes  and 
showed  by  restriction  endonuclease  analysis  that  the  4  rRNA  genes  exist  as  a  5.9  X  10^  da 
repeat  unit  and  that  greater  than  80%  of  the  ribosomal  repeat  units  exist  in  tandem  on  chromo¬ 
somal  DNA.  Although  the  physical  organization  of  the  yeats  rRNA  genes  has  been  relatively 
accessible  to  detailed  physical  analysis,  functional  studies  of  DNA  control  sites  for  rRNA 
expression  are  more  difficult  to  study  due  to  the  inaccessibility  for  genetic  analysis  of  the 
rRNA  genes  which  are  repeated  about  150  times/haploid  genome.  Genetic  analysis  has  been 
most  fruitful  in  uncovering  a  cis  control  site  for  1  of  the  ilv  structural  genes,  ilv  I.  Mutations 
in  the  ilv  1-OP  control  region  result  in  a  constitutive  and  increased  basal  level  of  synthesis 
of  the  ilv  1  product,  threonine  deaminase.  The  ilv  1-OP  control  site  maps  outside  the  ilv  1 
structural  gene  between  Arg  6  and  ilv  1  and  is  involved  in  the  repression  and  promotion  of 
the  ilv  1  gene.  We  are  presently  cloning  yeast  DNA  containing  both  the  Arg  6  and  ilv  I  genes 
thus  permitting  a  detailed  physical  analysis  of  the  functionally  defined  ilv  1  operator  and 
promotor  control  region. 


NEUTRAL  PHOSPHOTRIESTERS:  NEW  VEHICLE  FOR  NUCLEOTIDE  TRANSPORT 
THROUGH  BIOLOGICAL  MEMBRANES.  Shirish  Parekh  and  Joseph  Nagyvary,  Depart¬ 
ment  of  Biochemistry  and  Biophysics,  Texas  A&M  University,  College  Station  77843. 

Methyl,  ethyl,  propyl,  butyl  and  cetyl  esters  of  cAMP,  N^,  2 , 3  -triacetyl-5  -(2-thio-l, 
3,  2-dioxaphospholanyl)ara-C(7)  and  5  -deoxy-5  chloro-3  -(2-thio-l ,  3,  2-dioxaphosphol- 
anyl)thymidine(2)  were  prepared  and  some  of  their  chemical  and  biological  properties  were 
determined.  Among  the  cAMP  alkyl  ester  series,  P-O-methyl  ester  analog  was  found  most 
toxic  and  more  toxic  than  cAMP  itself  on  Ehrhch  ascites  carcinoma  cells,  Chinese  hamsters 
ovary  cells  and  chick  embryo  fibroblasts  in  vitro.  Similar  studies  on  Compounds  1  and  2  are 
under  investigation.  Alkaline  hydrolysis  of  all  of  the  above  mentioned  triesters  resulted  in 
ring  opening.  On  the  other  hand,  nucleophihc  attack  by  thiourea  on  cAMP  ester  series  led  to 
the  formation  of  cAMP  as  the  main  product.  The  conclusion  can  be  drawn  from  these  results 
that  phosphotriesters  of  the  nucleotide  metabolites  could  serve  as  suitable  storage  form  of 
nucleotides  and  may  be  the  best  vehicle  of  transporting  these  antimatabolites  through  bio¬ 
logical  membranes. 
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PRODUCTION  OF  L- ASPARAGINASE  BY  GENETIC  RECOMBINANTS  OF  DIFFERENT 
STRAINS  OF  ESCHERICHIA  COLL  Wayne  Barnes  and  Gordon  Dorn,  Wadley  Institutes 
of  Molecular  Medicine,  Dallas  75235,  and  Roland  Vela,  North  Texas  State  University, 
Denton  76203. 

Maximal  production  of  L-asparaginase  was  obtained  from  various  strains  of  Escherichia 
coli  only  under  rigorous  culture  conditions.  These  included  vigorous  aeration  but  no  dissolved 
oxygen  in  the  culture  medium,  a  pH  of  7.5,  temperature  of  37  C,  and  3~5%  glutamate.  The 
best  results  were  obtained  by  pregrowing  the  cells  and  then  adjusting  culture  conditions  to 
m.aximal  production.  By  these  manipulations  levels  of  enzyme  productions  were  increased 
from  4-20  lU/ml  of  culture.  A  strain  labeled  E.  coli  HAP  gave  the  most  consistent  and  highest 
values.  This  strain  was  mated  with  E.  coli  4318,  a  non-producer  of  L-asparaginase,  but  the 
progeny  varied  in  levels  of  enzyme  production  ranging  from  0-69  lU/ml. 

ASSOCIATION  OF  PHOSPHATIDYLSERINE  SYNTHETASE  WITH  SUBCELLULAR 
COMPONENTS  OF  ESCHERICHIA  COLL  Kathryn  Louie  and  William  Dowhan,  Depart¬ 
ment  of  Biochemistry  and  Molecular  Biology,  University  of  Texas  Medical  School,  Houston 
77025. 

In  both  procaryotes  and  eukaryotes,  the  enzymes  involved  in  the  biosynthesis  of  phospho¬ 
lipids  are  membrane  associated.  The  1  possible  exception  may  be  the  phosphatidylserine  (PS) 
synthetase  of  Escherichia  coli  and  other  gram-negative  organisms  (Dutt,  A.  and  Dowhan,  W., 
1977-/.  BacterioL,  132:159).  Unlike  the  other  phospholipid  biosynthetic  enzymes,  the 
synthetase  seems  to  have  a  high  affinity  for  the  ribosomal  fraction  of  cells  broken  by  various 
methods.  Investigations  on  the  E.  coli  enzyme  in  cell-free  extracts  using  glycerol  gradient 
centrifugation  has  revealed  that  the  binding  of  the  synthetase  to  ribosomes  may  be  prevented 
by  the  presence  of  highly  basic  components  such  as  spermidine  and  by  the  presence  of 
detergent-lipid  substrate  micelles  under  assay  conditions.  Thus  PS  synthetase  in  E.  coli  may 
not  be  ribosome-associated  under  physiological  conditions  but  associated  with  its  membrane- 
bound  substrate. 

INTRACELLULAR  LOCALIZATION  AND  PROPERTIES  OF  A  PHOSPHATIDYLSERINE 
SYNTHESIZING  ACTIVITY  IN  BACILLUS  SUBTILIS.  Anuradha  Dutt  and  William 
Dowhan,  Department  of  Biochemical  and  Molecular  Biology,  University  of  Texas  Medical 
School,  Houston  77025. 

An  enzyme  catalyzing  the  formation  of  phosphatidylserine  (PS)  from  CDP-diglyceride 
and  serine  has  been  detected  in  the  gram-positive  organism  Bacillus  suhtilis.  The  enzyme  was 
found  to  possess  some  enzymological  properties  quite  different  from  the  extensively  studied 
Escherichia  coli  enzyme  although  it  catalyzes  the  identical  overall  reaction.  The  activity  was 
stimulated  greatly  by  a  combination  of  the  non-ionic  detergent  TX-1 00  and  the  phospholipid 
PS  and  had  an  absolute  requirement  for  divalent  cation,  with  a  preference  for  Mn^^.  Other 
phospholipids  and  lysophospholipids  were  unable  to  substitute  for  PS.  On  investigation  of 
the  intracellular  localization  of  the  enzyme,  it  was  found  to  be  membrane-bound  when  cell- 
free  extracts  were  subjected  to  sucrose  density  centrifugation.  This  is  in  sharp  contrast  to 
the  PS  synthetase  of  gram-negative  bacteria  which  is  ribosomally  associated  under  similar 
conditions  in  vitro.  Thus  it  appears  that  the  bacillus  PS  synthetase  is  quite  dissimilar  to  the 
E.  coli  enzyme  both  in  catalytic  properties  and  intracellular  locahzation.  Characterization  of 
the  B.  subtilis  enzyme  will  be  continued  after  its  partial  purification  from  the  membrane. 


108 


GULF  COAST  MOLEC.  BIOL.  CONF. 


ISOLATION  AND  CHARACTERIZATION  OF  TWO  FACTORS  FROM  WHEAT  GERM 
THAT  STIMULATE  THE  BINDING  OF  MET-tRNA  AND  GTP  TO  EUCARYOTIC 
INITIATION  FACTOR  eIF-2.  John  J.  Osterhout,  Judy  Phillips-Minton  and  Joanne  M. 
Ravel,  University  of  Texas,  Austin  78712. 

Two  factors  that  enhance  the  ability  of  eIF-2  to  form  a  ternary  complex  with  Met-tRNA|- 
and  GTP  have  been  isolated  from  the  postribosomal  supernatant  of  wheat  germ.  Both  factors 
are  isolated  from  the  40-60%  ammonium  sulfate  fraction  of  the  120  mM  KCl  postribosomal 
supernatant  and  both  prevent  the  dissociation  of  the  ternary  complex  by  10  {JM  aurin tri¬ 
carboxylic  acid  (ATA).  One  factor  designated  Co-eIF-2Q:is  not  retained  by  DEAE  cellulose 
in  50  mM  KCl  while  the  other,  Co-eIF-2|3,  is  retained  at  this  salt  concentration  and  is  eluted 
in  a  KCL  gradient  at  a  concentration  slightly  higher  than  that  required  to  elute  eIF-2.  Both 
factors  have  been  further  purified  by  chromatography  on  phosphocellulose.  SDS  polyacryla¬ 
mide  gel  electrophoresis  and  chromatography  on  Sephadex  G-150  indicate  that  the  active 
component  in  eIF-2Q:  is  a  protein  with  a  molecular  weight  near  20,000.Tn  contrast,  the  active 
component  of  Co-eIF-2j(3  is  eluted  from  Sephadex  G-150  at  or  slightly  behind  the  void 
volume  and  no  bands  corresponding  to  proteins  with  molecular  weights  of  less  than  50,000 
are  present  on  SDS  gels.  These  data  indicate  that  there  are  at  least  2  factors  that  stimulate 
ternary  complex  formation.  The  role  of  these  factors  in  initiation  of  protein  biosynthesis  is 
not  yet  clear.  (Supported  in  part  by  NIH  Grant  GM  18775.) 

NOVEL  MISSENSE  SUPPRESSORS  IN  ESCHERICHIA  COLL  Emanuel  J.  Murgola,  Frances 
T.  Pagel,  Jack  R.  Childress,  J.  Patrick  Condreay,  and  Kathryn  A,  LaBoon,  Section  of 
Molecular  Biology,  The  University  of  Texas  System  Cancer  Center,  M.  D.  Anderson 
Hospital  and  Tumor  Institute,  Texas  Medical  Center,  Houston  77030. 

As  part  of  our  use  of  the  mutational  approach  to  tRNA  structure-function  relationships, 
we  are  continuing  to  search  for  and  characterize  new  and  unusual  missense  suppressors  in 
Escherichia  coli.  Recent  results  include  the  following:  (a)  Isolation  of  GAA-suppressors 
derived  from  glyT-tRNA,  the  only  GGA-reading  glycine  tRNA  in  wild  type  E.  coli,  and 
demonstration  that  they  exhibit  “second  position  wobble.”  (b)  Location  of  AGU/C-sup- 
pressors  at  3  positions  on  the  if.  coli  map.  (c)  Conversion  to  UGG-suppressors  of  each  of  the 
following:  The  serine-inserting  amber  suppressor  supD{=su\),  the  GGG-reading^/yU  glycine 
tRNA,  the  GGA/G-reading  glyT  tRNA  (some  of  these  respond  to  UGG  and  UGA,  others 
only  to  UGG),  the  T-derived  AGA/G  suppressor  and  at  least  2  other  undetermined  mole¬ 
cules.  (d)  Further  characterization  ofg-^zMinked  suppressors  of  the  lysine  codon  AAG.  They 
all  respond  to  the  other  lysine  codon  AAA,  are  separable  from  supG,  a  lysine-inserting  ochre 
suppressor,  and  the  order  of  genes  appears  to  be  supG  .  .  .  SuAAA/G  .  .  .  nadA  .  .  .gal.  One 
suppressor  which  is  recessive  and  results  in  alteration  of  the  RPC-5  profiles  of  glycyl-tRNA 
and  lysyl-tRNA,  could  be  a  mutant  tRNA  modifying  enzyme.  So  far,  the  other  SuAAG’s 
examined  are  dominant  and  may  represent  misacylated  lysine  tRNA  (among  other  possibilities). 

RECENT  TECHNIQUES  FOR  THE  BIOCHEMICAL  CHARACTERIZATION  OF  SUPPRES¬ 
SOR  tRNA  MUTANTS  OV  ESCHERICHIA  COL/.  Norman  E.  Prather,  Emanuel  J.  Murgola, 
Betsy  H.  Mims,  and  Stanley  D.  Tucker,  Section  of  Molecular  Biology ,  The  University  of 
Texas  System  Cancer  Center,  M.  D.  Anderson  Hospital  and  Tumor  Institute,  Texas  Medical 
Center,  Houston  77030. 

Reversed  phase  column  chromatography  has  been  very  useful  for  the  identification  and 
isolation  of  transfer  RNAs.  Since,  however,  most  missense  suppressor  tRNAs  are  acylated  so 
poorly,  their  isolation  by  classical  methods  is  often  impractical  if  not  impossible.  This  has 
made  it  necessary  to  adopt  methods  that  do  not  depend  simply  on  in  vitro  aminoacylation 
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for  the  isolation  and  further  characterization  of  mutant  tRNAs.  For  example,  in  vitro  sup¬ 
pressions  assays  are  useful  for  initial  indications  of  novel  suppressors  and  altered  acylation 
specificities;  for  certain  suppressors,  the  separation  of  multimeric  tRNA  precursors  is  under 
investigation;  2-dimensional  gel  electrophoresis  is  being  developed  as  a  general  method  for 
purifying  any  tRNA;  and  a  hybrid  plasmid  containing  a  specific  tRNA  gene  may  provide  a 
means  for  isolating  certain  tRNAs  by  RNA/DNA  hybridization  and  for  directly  studying  the 
mutant  gene  by  DNA  sequencing.  Finally,  the  most  recent  techniques  for  RNA  sequencing 
are  being  adapted  to  our  mutants,  including  the  “wandering  spot”  and  gel  sequencing  methods. 
We  will  discuss  the  apphcation  of  these  methods  to  the  characterization  of  specific  suppressors 
such  as  mutant  glycine  tRNAs  that  appear  to  exhibit  “second-position  wobble”  and  lysine 
codon  suppressors  that  may  include  misacylated  lysine  tRNAs  as  well  as  altered  tRNA  modi¬ 
fying  enzymes. 

INSULIN  INHIBITION  OF  PROTEIN  DEGRADATION  IN  CULTURED  CELLS.  J.  Martyn 
Gunn,  Rodney  S.  Nairn,  Carla  M.  Wood,  John  B.  Bodner,  Department  of  Biochemistry 
and  Biophysics,  Texas  A&M  University,  College  Station  77843,  and  F.  John  Ballard, 
CSIRO,  Division  of  Human  Nutrition,  Adelaide,  Australia. 

It  has  been  shown  in  a  wide  range  of  cell  types  that  intracellular  proteolysis  is  inhibited 
by  insulin,  but  the  mechanism  of  this  inhibition  is  not  known.  We  have  compared  hepatocytes 
in  primary  monolayer  culture  with  Reuber  H35  hepatoma  cells  and  shown  that  the  insulin 
concentration  for  half-maximal  inhibition  of  protein  degradation  in  the  cancer  cells  is 
approximately  2.5  X  10“^  ^M,  over  2  orders  of  magnitude  less  than  the  concentration  (lO'^M) 
observed  with  hepatocytes.  This  large  difference  has  provided  a  point  of  attack  for  an  exam¬ 
ination  of  the  mechanism  of  the  insulin  inhibition  of  proteolysis. 

STUDIES  ON  THE  BIOSYNTHESIS  OF  THIAMINE.  Russell  E.  McKinnie,  Terry  L.  Johannesen, 


and  Edward  Bellion.  Department  of  Chemistry ,  University  of  Texas  at  Arlington,  Arlington 
76019. 


Thiamine  pyrophosphate,  an  essential  coenzyme  in  carbohydrate  metabolism,  is  present 
in  low  concentrations  in  most  cells.  Thiamine  is  synthesized  from  an  intermediate  of  purine 
biosynthesis,  4-Aminoimidazole  ribotide  (AIR),  with  the  purine  pathway  consuming  >  99% 
of  the  available  AIR.  The  conversion  of  the  5-membered  heterocyclic  imidazole  ring  of  AIR 
to  the  6-membered  heterocyclic  pyrimidine  ring  of  thiamine  is  the  mechanism  under 


2-methyl-4-amino-5-hydroxymethyl-pyrimidine 


investigation.  To  overcome  the  obstacles  of  small  amounts  of  thiamine  and  the  low  rate  of 
conversion  of  AIR  to  thiamine,  various  mutants  of  Salmonella  typhimurium  were  isolated. 
The  latterobstacle  was  overcome  by  introducing  the  purE  mutation  (lack  of  AIR  carboxylase, 
the  next  enzyme  on  the  purine  pathway)  into  thiamine  mutants.  This  was  accomplished  by 
transduction  with  bacteriophage  P22  grown  on  strain  TT289  having  a  tetracycline  resistant 
transposon  in  the  purE  region.  Mutants  capable  of  synthesizing  larger  quantities  of  thiamine 
were  obtained  by  selection  for  resistance  to  pyrithiamine  by  the  gradient  plate  technique. 
Increases  of  intracellular  thiamine  concentrations  of  up  to  150%  were  found  in  such  mutants. 
Both  types  of  mutants  will  be  used  to  accumulate  larger  quantities  of  thiamine  and  its 
biosynthetic  intermediates,  with  detection  facilitated  by  the  use  of  [^^C]  AIR  as  precursor. 
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TRANSPOSITION  MUTAGENESIS  OF  PHAGE  LAMBDA:  A  NEW  GENE.  Ry  Young, 
Department  of  Medical  Biochemistry,  College  of  Medicine,  Texas  A&M  University, 
College  Station  77840,  and  Mike  Syvanen,  Department  of  Microbiology  and  Molecular 
Genetics,  Harvard  Medical  School,  Cambridge,  MA  02115. 

Phage  lambda  is  one  of  the  best  understood  genetic  entities  and  as  such  is  an  ideal  vector 
for  studying  transposons.  In  particular,  the  excision  of  a  transposon  could  be  followed  both 
in  vivo  and  in  vitro  if  stocks  of  a  XdTn  could  be  prepared  (i.e.,  phage  defective  because  of 
a  transposon  insertion  into  a  structural  gene).  The  best  choice  for  a  target  gene  would  be  a 
lysis  gene,  since  a  lesion  in  such  a  gene  would  only  affect  plaque-forming  ability,  not  phage 
particle  formation.  A  set  of  XdTnK  insertion  mutants  was  isolated  (using  the  Kan^  transposon 
Tn903,  from  the  resistance  plasmid  R6W).  The  insertions  map  at  the  extreme  right  end  of 
the  X  genome  and  define  a  new  complementation  group.  Cells  infected  with  the  insertion 
mutants  do  not  lyse  but,  instead,  form  Mg^ “^-dependent  spheres.  Existence  of  a  2nd  phage- 
coded  function  to  attack  the  peptidoglycan  has  implications  for  the  structure  of  the  cell  wall, 
but  the  primary  utility  of  these  mutants  is  for  the  study  of  transposon  excision  in  vivo  and 
in  vitro. 

ENDPOINT-SPECIFIED  DELETION  GENERATION  USING  DRUG  RESISTANCE  TRANS¬ 
POSONS.  Peter  Berget,  Department  of  Biochemistry  and  Molecular  Biology,  University 
of  Texas  Medical  School  at  Houston,  Houston  77025. 

Many  high  frequency  transducing  phages  carrying  the  Tnl  ampicillin  drug  resistance 
element  have  been  isolated  following  P22  infection  of  Salmonella  carrying  the  RP4  plasmid. 
Fifteen  phages  were  found  to  carry  the  Tnl  element  inserted  into  gene  9,  the  structural 
gene  for  the  P22  tail  or  adsorption  protein.  Standard  genetic  tests  have  shown  that  all  the 
gene  9::Tnl  insertions  occurred  at  different  sites.  The  Tnl  element  is  a  4.6  kilobase  DNA 
segment  flanked  by  inverted  repeats  of  140  bases  in  length.  It  thus  can  provide  an  extensive 
region  of  DNA  which  can  recombine  with  other  Tnl  sequences  regardless  of  the  homology 
of  the  surrounding  DNA.  We  have  performed  genetic  crosses  between  each  of  the  15  gene 
9::Tnl  mutants  and  a  pair  of  gene  20:\Tn\  mutants  which  have  the  Tnl  element  inserted  in 
opposite  orientations.  We  have  selected  for  progeny  from  these  crosses  which  have  used 
the  Tnl  homology  rather  than  phage  DNA  homology  during  recombination  resulting  in  the 
deletion  of  DNA  between  the  2  parental  Tnl  elements.  This  selection  scored  for  the  restoration 
of  terminal  redundancy  to  the  phage  genomes  (necessary  for  lysogenization)  which  was 
absent  in  the  parental  DNA  molecules  due  to  the  Tnl  insertions.  A  deletion  lysogen  was 
recovered  for  each  of  the  original  gene  9::Tnl  mutants  and  the  gene  20::Tn\  mutants.  The 
original  gene  9::Tnl  mutants  and  20  additional  missense  and  nonsense  mutants  were  used  to 
map  the  extent  of  the  deletions  in  gene  9. 

INCOMPATIBILITY  PROPERTIES  OF  THE  mcP-1  PLASMID  pRK248.  Richard  Meyer, 
Department  of  Microbiology,  University  of  Texas  at  Austin,  Austin  78712. 

A  segment  of  DNA  containing  the  vegetative  origin  of  the  mcP-1  plasmid  pRK248  was 
cloned  into  several  unrelated  and  mutually  compatible  plasmids.  These  derivatives  were 
then  tested  for  expression  of  P-1  incompatibility.  It  was  demonstrated  by  transformation 
experiments  that  pRK248  is  efficiently  eliminated  from  an  Escherichia  co// host  following 
introduction  of  any  one  of  the  derivatives.  This  incompatibility  is  not  reciprocal:  transforma¬ 
tion  with  pRK248  does  not  result  in  the  elimination  of  a  resident  derivative.  In  addition,  all  of 
the  derivatives  are  compatible  with  each  other.  The  fragment  of  pRK248  is  itself  capable  of 
autonomous  replication,  without  being  cloned  into  any  plasmid,  if  plasmid-specified  gene 
products  are  provided  in  trans.  In  this  case,  it  is  eliminated  from  the  cell  by  pRK248.  The 
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results  argue  against  competition  for  membrane  sites  as  the  basis  of  plasmid  incompatibility, 
but  are  consistent  with  incompatibility  being  the  consequence  of  negative  regulation  of 
plasmid  copy  number.  For  the  incf-l  system,  susceptibility  of  a  plasmid  to  elimination,  but 
not  its  ability  to  eliminate,  requires  that  the  P-1  replication  system  be  active.  (Supported  by 
U.  T.  Austin  start-up  funds  and  N.  I.  H.  grant  GM25  318-01.) 


TnA  ACTIVITY  IN  R6K  -  INVOLVEMENT  OF  recK.  Priscilla  L.  Holmans  and  Royston  C. 

Clowes,  Programs  in  Biology,  University  of  Texas  at  Dallas,  Box  688,  Richardson  75080. 

The  R-plasmid  R6K  is  a  25  Md  conjugative  plasmid  which  confers  resistance  to  strepto¬ 
mycin  and  ampicillin,  the  latter  being  encoded  by  a  transposable  element,  TnA.  We  have 
isolated  a  class  of  spontaneous  deletions  of  R6K  which  all  originate  at  or  near  1  terminus  of 
this  TnA  element;  the  distal  endpoint  of  the  deletions  varies,  but  all  are  clustered  in  a  region 
of  R6K,  into  which  we  also  find  the  TnA  element  may  insert.  The  occurrence  of  these  deletions 
depends  on  a  functional  recA.  product,  although  the  insertion  event  is  independent  of  reck. 
We  propose  a  model  linking  these  phenomena  and  describe  preliminary  results  of  experiments 
designed  to  test  our  model. 

THE  reck  /exA-DEPENDENT  INDUCTION  OF  ULTRAVIOLET-RESISTANT  DNA  REP¬ 
LICATION  IN  ESCHERICHIA  COLL  T.  Kogoma,  T.  A.  Torrey,  and  M.  J.  Connaughton, 

Department  of  Biology,  University  of  New  Mexico,  Albuquerque  87131. 

The  striking  similarity  between  the  treatments  that  induce  SOS  functions  and  those 
that  result  in  stable  DNA  replication  (continuous  DNA  replication  in  the  absence  of  protein 
synthesis)  prompted  us  to  examine  the  possibility  of  stable  DNA  replication  being  a  reck  lexk- 
dependent  SOS  function.  In  addition  to  the  treatments  previously  reported,  ultraviolet  (UV) 
irradiation  or  treatment  with  mitomycin  C  was  also  found  to  induce  stable  DNA  replication. 

The  thermal  treatment  of  tif-1  strains  did  not  result  in  detectable  levels  of  stable  DNA 
replication,  but  nalidixic  acid  readily  induced  the  activity  in  these  strains.  The  induction  of 
stable  DNA  replication  with  nalidixic  acid  was  severely  suppressed  in  tif-1  lexk  strains.  The 
suppressor  activity  of  /ex  A3  was  negated  by  the  presence  of  the  spr-51  mutation,  an  intragenic 
suppressor  of  lexkS. 

Induced  stable  DNA  replication  was  found  to  be  considerably  more  resistant  to  UV 
irradiation  than  normal  replication  both  in  a  uvrk  strain  and  a  uvr'^  strain.  The  UV-resistant 
replication  occurred  mostly  in  the  semiconservative  manner. 

INVOLVEMENT  OF  EXONUCLEASE  HI  IN  THE  REPAIR  OF  BLEOMYCIN  TREATED 

DNA.  Osami  Niwa  and  Robb  E.  Moses,  Department  of  Cell  Biology,  Baylor  College  of 

Medicine,  Houston  77030. 

Bleomycin  (BLM)  produces  single  strand  gaps  in  DNA  under  appropriate  conditions  and 
it  is  known  that  DNA  polymerase  I  is  mainly  responsible  for  the  repair  synthesis  on  the  BLM 
treated  DNA  in  Escherichia  coli.  We  have  studied  the  synthesis  requirements  for  BLM-treated 
DNA.  In  vitro  studies  revealed  that  DNA  polymerase  I  is  not  able  to  use  BLM  treated  0X174 
RFI  DNA  as  a  template-primer,  suggesting  DNA  gaps  produced  by  BLM  do  not  carry  3'- OH 
termini.  Brief  treatment  of  BLM  treated  DNA  with  exonuclease  III  from  E.  coli  is  sufficient 
to  render  a  good  template-primer.  Such  activity  was  found  in  wild  typeE’.  coli  cell  extracts, 
whereas  extracts  from  exo  III  deficient  cells  had  a  reduced  activity.  Furthermore,  the  activity 
in  the  wild  type  cell  extract  was  as  thermolabile  as  purified  exonuclease  III.  These  results 
suggest  that  exonuclease  III  plays  an  important  role  in  BLM  specific  repair  synthesis  in  E’.  coli 
cell.  (Supported  by  grants  from  the  USPHS,  American  Cancer  Society  and  the  Robert  A. 
Welch  Foundation). 
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COPY  NUMBERS  AND  CHROMATIN  STRUCTURES  OF  INTEGRATED  LEUKEMIA 
PROVIRAL  GENE  SEQUENCES  IN  AKR  MICE.  Hector  D.  Garcia  and  Grady  F.  Saunders, 
The  University  of  Texas  Graduate  School  of  Biomedical  Sciences  at  Houston  and  The 
University  of  Texas  System  Cancer  Center,  M.  D.  Anderson  Hospital,  Houston  77030. 

Deoxyribonuclease  I  (DNAase  I)  digestion  was  used  to  probe  the  state  of  the  integrated 
leukemia  proviral  genes  in  tissues  of  normal  and  leukemic  AKR  mice  and  virus-  producing 
cultured  mouse  cells.  Transcriptionally  active  sequences  within  chromatin  can  be  distinguished 
by  their  preferential  sensitivity  to  digestion  by  DNAase  I,  resulting  in  their  depletion  from 
the  remaining  DNA.  The  concentration  of  viral  specific  sequences  in  DNAs  before  and  after 
digestion  of  nuclei  with  DNAase  I  were  determined  by  nucleic  acid  hybridizations  involving 
titration  of  radioactive  viral  RNA  with  cellular  DNAs.  Analysis  of  DNAs  from  cultured  cells 
and  tissues  of  normal  and  leukemic  mice  resulted  in  titration  curves  which  each  contained  3 
separate  straight  line  regions,  indicating  that  small  portions  (6%  and  3%)  of  the  viral  genome 
are  represented  in  the  mouse  DNA  140  and  700  times/haploid  genome  respectively,  compared  to 
4  copies  in  normal  mice  and  6  copies  in  target  organs  of  leukemic  mice  for  the  remaining  91% 
of  the  viral  genome.  The  major  portion  of  the  viral  genome  (91%)  was  not  preferentially 
sensitive  to  DNAase  I  in  either  normal  or  leukemic  mice,  whereas  it  was  sensitive  in  the 
cultured  cells.  In  contrase,  the  viral  sequences  (representing  6%  of  the  viral  genome)  which 
are  present  in  140  copies  pre-haploid  mouse  genome  were  preferentially  sensitive  to  DNAase  I 
in  all  mouse  tissues  as  well  as  the  cultured  cells.  It  appears  that,  althouth  the  viral  gene  copy 
number  increases  during  leukemogenesis,  the  structure  of  the  chromatin  in  mouse  tissues  is 
unchanged.  The  function  of  the  highly  repeated  viral  sequences  in  the  mouse  genome  is 
unknown. 

RNA  POLYMERASE  SYNTHESIS  AND  FUNCTION  IN  ESCHERICHIA  COLL  N.  S.  Shepherd, 
Biology  Programs,  University  of  Texas  at  Dallas,  Box  688,  Richardson  75080. 

The  content  of  RNA  polymerase  (jS^subunit)  was  determined  in  Escherichia  coli  B/r  by 
an  improved  quantitative  method  of  Coomassie-blue  staining  on  SDS-poly acrylamide  gels. 
The  fraction  of  total  protein  that  is  RNA  polymerase  core  enzyme  was  found  to  increase  with 
growth  rate  from  1.0-1. 5%  in  the  range  of  0. 8-2.5  doublings/hr.  This  increase  is  less  than 
that  observed  for  the  fractional  synthesis  of  ribosomal  protein.  The  amount  of  RNA  polymerase 
was  compared  with  the  polymerase  activity  in  the  cell,  determined  from  the  measured  stable 
RNA  and  niRNA  synthesis  rates  and  the  known  RNA  chain  growth  rates.  Only  20-35%  of 
the  polymerase  enzyme  in  the  cell  was  found  to  be  active  at  any  given  time.  To  determine  if 
the  non-functioning  RNA  polymerase  is  free  in  the  cytoplasm  or  bound  to  the  DNA,  DNA- 
free  minicells  were  studied.  It  was  found  that  minicells  contain  only  14%  the  amount  of  RNA 
polymerase  (/^O  per  total  protein  as  is  present  in  whole  cells,  suggesting  that  86%  of  the  RNA 
polymerase  is  bound  to  DNA.  The  RNA  polymerase  in  minicells  is  essentially  inactive  in  an 
in  vitro  RNA  polymerase  assay.  It  is  concluded  that  the  inactivity  of  about  70%  of  RNA 
polymerase  is  not  due  to  a  limitation  of  transcription  by  alow  concentration  of  DNA.  Rather, 
the  inactive  enzyme  appears  to  be  “stuck”  on  the  DNA.  Further,  the  polymerase  activity 
is  subject  to  a  growth  rate-dependent  regulation  which  has  the  effect  of  maintaining  a  constant 
proportion  of  functioning  RNA  polymerase  to  ribosomes. 

ALTERATIONS  Oh  DEOXYNUCLEOSIDE  TRIPHOSPHATE  POOLS  IN  ESCHERICHIA 
COLL.  EhFECTS  ON  DNA  REPLICATION.  Martin  L.  Pato,  Division  of  Molecular  and 
Cellular  Biology,  National  Jewish  Hospital  and  Research  Center,  Denver,  CO  80206. 

Inhibition  of  RNA  or  protein  synthesis  in  Escherichia  coli  results  in  marked  changes  in 
the  sizes  of  deoxynucleoside  triphosphate  pools. Two  aspects  of  these  changes  have  been 
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studied.  First,  a  decrease  in  the  size  of  the  deoxyguanosine  triphosphate  pool  after  inhibition 
of  protein  synthesis  may  be  responsible  for  the  observed  slowing  of  DNA  replication  fork 
movement.  Second,  changes  in  the  labeling  pattern  of  thymidine  triphosphate  pools  and  in 
the  incorporation  of  thymidine  into  DNA  are  most  readily  explained  by  a  functional  compart- 
mentation  of  deoxynucleotide  pools. 

CELL  DIVISION  AND  CHROMOSOME  SEGREGATION  IN  A  dnaA}-^  MUTANT  OF 
ESCHERICHIA  COLL  Joe  A.  Fralick  and  Artis  M.  Davis,  Department  of  Microbiology , 
Texas  Tech  University  School  of  Medicine,  Lubbock  79430. 

In  the  bacterium,  Escherichia  coli,  the  completion  of  a  round  of  chromosome  duplication 
is  a  prerequisite  for  normal  cell  division.  It  appears  that  each  division  event  is  somehow  con¬ 
nected  to  the  termination  of  a  specific  round  of  chromosome  replication  and  not  to  DNA 
synthesis  per  se.  It  has  been  suggested  that  the  terminal  segment  of  the  bacterial  chromosome 
contains  a  gene(s)  whose  product(s)  is  somehow  involved  in  triggering  cell  division  and  that 
the  termination  of  replication  of  each  specific  chromosome  produces  exactly  enough  of  this 
substance(s)  to  initiate  round  of  cell  division.  Such  a  hypothesis  predicts  a  stochiometric 
relationship  between  the  number  of  termination  events/cell  and  the  cells’  division  potential. 
In  this  study  we  have  examined  this  relationship  in  a  dnaA^^  mutant  containing  either  1  or  2 
replicating  genomes/cell.  Our  results  suggest  that  a  stoichiometric  relationship  does  exist 
between  chromosome  copy  number  and  division  potential.  Furthermore,  if  the  termination 
event  does  provide  some  sort  of  regulatory  signal  for  cell  division,  then  this  regulatory 
molecule(s)  must  be  long  lived  and  can  be  used  in  a  sequential  fashion. 

REPLICATION  AND  TRANSCRIPTION  IN  ESCHERICHIA  COLI  B/r  AND  IN  A  DERIV¬ 
ATIVE  WITH  ABERRANT  INITIATION  CONTROL.  H.  Bremer,  G.  Churchward,  and 
R.  Young,  Biology  Programs,  University  of  Texas  at  Dallas,  Box  688,  Richardson  75080. 

The  initiation  mass  (cell  mass/rephcation  origin  at  the  time  of  initiation  of  chromosome 
replication)  and  the  C-  and  D-periods  were  determined  ^oi  Escherichia  coli  B/r  A  and  a 
thy  A  deoB  derivative,  TJK16,  as  a  function  of  growth  rate  and  of  thymine  concentration 
(for  TJK16).  In  comparison  to  the  parent  strain,  TJK16  was  found  to  have  a  2-fold  increased 
initiation  mass,  independent  of  the  length  of  the  C-pcnod\  thyA'^  deoB'''  revertantsof  TJK16 
retained  the  increased  initiation  mass  and  total  mass  whereas  other  independently  isolated 
thyA  deoB  derivatives  of  E.  coli  B/r  had  normal  mass.  Thus,  TJK 1 6  is  a  spontaneous  initiation 
control  mutant  which  is  currently  being  characterized  genetically.  Due  to  its  initiation  defect, 
TJK  has  an  abnormally  low  DNA  concentration.  Comparison  of  the  synthesis  of  RNA  and 
of  RNA  polymerase  in  B/r  and  TJK  1 6  indicates  that  RNA  synthesis  in  these  bacteria  is  limited 
by  the  concentration  of  RNA  polymerase  but  not  by  DNA. 


I  wish  to  order  the  following  back  issures  of  the  TJS  Special  Publications. 

(A  check  MUST  accompany  this  order.  Texas  residents  add  5% 
SALES  TAX.  Make  checks  payable  to  The  Texas  Journal  of  Science.) 


>> 

>> 

04 

a 

a 

0 

0 

0 

0 

JD 

0 

o' 

in 

<N 

oe 

rJ 

GO 

w 

r- 

ON 

<D 

<D 

(D 

c 

ON 

ON 

e 

C 

*— • 

c 

'd 

'd 

d 

QO 

a 

ors 

> 

> 

> 

:3 

bX) 

.  »v 

W) 

a 

<N 

Q 

< 

< 

0 

0 

LT 

ro 

0 

(N 

, 

GO 

6 

JO 

d 

+-* 

xS 

:z; 

03 

03 

X) 

(£ 

6 

(U 

a 

X) 

£ 

.0 

Ci 

£ 

c 

1 

> 

4-J 

c 

% 

>> 

4-» 

C 

cn 

. 

a 

a 

6 

0 

(D 

a 

a> 

a 

GO 

cn 

.  rv 

0 

. »« 

(D 

■K» 

(N 

03 

4-» 

• 

C3 

• 

'0 

'o 

0 

> 

> 

K/i 

(l> 

g 

K 

0 

03 

C 

0 

'o 

> 

a: 

> 

OJ 

► 

CD 

S 

s 

u 

(D 

E 

E 

a 

Cl 

1 

X5 

0 

d 

> 

[ 

) 

d 

> 

! 

) 

d 

> 

s 


>> 

•4-» 

>> 

c 

a 

& 

c 

a 

c 

a 

c 

a 

c 

O' 

ADDRESS 


Please  complete  and  send  to:  TEXAS  ACADEMY  OF  SCIENCE,  SAM  HOUSTON  STATE  UNIVERSITY, 
HUNTSVILLE,  TEXAS  77340. 

Make  checks  payable  to  the  Texas  Academy  of  Science. 


S  o 
&  3  a 

O  o' 
o  ftT 

3'  5- 


o 

o 

(re 


>  W  O 

a.  3  o 
^  ^  c 

^  I*  "2 

o 


O  2  Z 


N 

“3' 


H 

'< 

n 

a> 


^  a 

>  5:^  S 

>  S.  o  ^ 
?  2  5-  ^ 


ft) 


i 

O  ^  I 


0  P 

o  o 


ft)  ft)  I 

>1-5 

(D  O 
,  >  O 


,  ^ 
bo 

o  ^ 

Q,  O 

o  o 
o  ^ 


I 

K-  >  ^ 

<^..3  ^ 

I 


§  ' 

^  ^ 

s^i.§ 

i  §7^ 

3  ^  ' 

c  ^ 

ft  ^ 

§ 

Co  O  X 


cr  CD 

f6  CO 

o 

O  3 

i  ^ 

O'  « 
«  3- 


*3  o 

S' 

3  3 

P 

X  o 
K  X 
>  o 
2 

a-  3 

3  t 

°  ^ 
CL 
c/3 

2.  ^ 
fO  r-^ 


2*0 

So 

S  3 

3  o 

O' 

2  O 

M  3 

a  o 

X5 

O  ^ 
P  2. 

St  ^ 
^  3 
^  o 
O  CO 


<0 


n 

li' 


COVER  PHOTO 


A:  Diagrammatic  representation  of  DNA. 

B:  Commonly  used  diagram  for  DNA. 

(Cover  Photo  drawn  by  Dr.  E.  N.  Drake,  II, 
Chemistry  Department,  Angelo  State  University, 
San  Angelo,  Texas.) 
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